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LETTER  OF  TRANSMITTAL 


San  Francisco,  California 
May  6,  1935.' 

Mr,  W.H.Worden,  Director 

Department  of  Public  Works 

Oity  and  County  of  San  Francisco 

Sir: 

Pursuant  to  your  authorization,  we  have  conducted 
investigations  and  herewith  present  our  report  upon  the 
treatment  and  disposal  of  the  sewage  of  the  Oity  and  County 
of  San  Francisco,  California, 

While  these  investigations  were  intended  to  deal 
primarily  with  the  Marina  and  Baker's  Beach  problems,  these 
problems  were  found  to  be  so  closely  interrelated  to  the 
problems  of  other  sewerage  districts    that  it  has  been  neces- 
sary to  study  the  subject  of  sewage  disposal  for  the  entire 
city.  The  need  for  this  more  comprehensive  consideration  was 
recognized  in  the  City»s  agreement  with  us,  in  these  words: 

■"Whereas  the  method  of  disposing  of  said 
sewage  through  said  works  (meaning  Marina  and 
Baker's  Beach)  and  the  results  to  be  secured 
from  such  disposal  of  said  sewage,  are  intimately 
connected  with  and  affected  by  the  method  of  dis- 
posing of  the  sewage  from  other  sewers  which  dis- 
.    '  charge  at  several  points  along  the  water  front;" 

and  in  the  specific  instructions,  requiring  us: 


4,  a. 


v.i...^,......^.  , 


"  •>     V'-.  "v    


II 

"a.      To  go  over  preliminary  reports  and  studies  prepared 
by  my  City  Engineer  in  connection  with  these  plants. 

"b.    To  inspect  all  local  conditions  affecting  the 
problem, 

"c.      To  advise  as  to  the  general  sewage  disposal  scheme 
that  should  be  adopted, 

"d.      To  advise  as  to  the  proper  location  of  plants  and 
outfalls. 

"e.      To  recommend  type  of  process  that  should  be  adopted 
and  to  estimate  cost  of  construction  and  operation," 


At  present,  the  sewage  is  discharged  from  six  sewerage 
districts  as  follows: 

1,.      Southeast  sewerage  district  through  Ig  outlets  to  the 
Bay. 

2,      North  Point  sewerage  district  at  the  bulkhead  in  the 
slip  between  Piers  37  and  39- 

3«      Marina  sewerage  district  at  the  shore  at  the  foot  of 
'Pierce  Street, 

k-0      Baker *s  Beach  sewerage  district  at  or  near  the  shore 
just  west  of  Lobos  Creek, 

5#      Mile  Rock  sewerage  district,  embracing  the  West  Richmond 
and  Sunset  areas  and  the  territory  lying  easterly  of 
the  old  Rancho  de  la  Merced,  and  discharging  at  the 
shore  a  short  distance  easterly  of  Point  Lobos, 

6«      Southwest  sewerage  district  (Vista  Grande),  comprised 
of  undeveloped  territory  in  the  extreme  southwest 
comer  of  the  City  and  County  of  San  Francisco  to- 
gether with  Colma  and  Daly  City  and  adjacent 
territory  in  San  Mateo  County,  discharging  through 
a  tunnel  under  the  Fort  Funston  Military  Reservation 
at  the  shore  line  approximately  one  mile  south  of 
Fleishhacker  Pool, 

As  a  result  of  our  studies  of  the  data  previously  procured. 


•1. 
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II 

"a.      To  go  over  preliminary  reports  and  studies  prepared 
by  ray  City  Engineer  in  connection  with  these  plants, 

"b.    To  inspect  all  local  conditions  affecting  the 
problem, 

"c.      To  advise  as  to  the  general  sewage  disposal  scheme 
that  should  be  adopted. 

"d.      To  advise  as  to  the  proper  location  of  plants  and 
outfalls, 

"e.      To  recommend  type  of  process  that  should  be  adopted 
and  to  estimate  cost  of  construction  and  operation," 


At  present,  the  sewage  is  discharged  from  six  sewerage 
districts  as  follows: 

1,  Southeast  sewerage  district  through  Ig  outlets  to  the 

Bay, 

2,  North  Point  sewerage  district  at  the  bulkhead  in  the 

slip  between  Piers  37  and  39- 

3«      Marina  sewerage  district  at  the  shore  at  the  foot  of 
'Pierce  Street, 

^.      Baker's  Beach  sewerage  district  at  or  near  the  shore 
just  west  of  Lobos  Creek, 

5»      Mile  Rock  sewerage  district,  embracing  the  West  Richmond 
and  Sunset  areas  and  the  territory  lying  easterly  of 
the  old  Rancho  de  la  Merced,  and  discharging  at  the 
shore  a  short  distance  easterly  of  Point  Lobos, 

6,      Southwest  sewerage  district  (Vista  Grande),  comprised 
of  undeveloped  territory  in  the  extreme  southwest 
corner  of  the  City  and  County  of  San  Francisco  to- 
gether with  Colma  and  Daly  City  and  adjacent 
territory  in  San  Mateo  County,  discharging  through 
a  tunnel  under  the  Fort  Funston  Military  Reservation 
at  the  shore  line  approximately  one  mile  south  of 
Fleishhacker  Pool, 

As  a  result  of  our  studies  of  the  data  previously  procured, 


Ill 


and  additional  information  secured  by  the  Oity  Engineer 
under  our  supervision,  we  have  found  that; 

1,  Insanitary  conditions  exist  at  a  number  of  points 

along  the  entire  Bay,  Strait,  and  Ocean  waterfront, 

2,  Unsightly  and  offensive  waters,  and  deposits  of 

sewage  solids,  exist  in  the  vicinity  of  the  North 
Point  outlet;  sewage  matter  from  this  outlet  is 
clearly  visible  along  the  shore  for  long  distances; 
and  bacterial  contamination  of  shore  waters  at  times 
extends  at  least  as  far  westerly  as  the  Marina, 

3,  The  discharge  from  the  Pierce  Street  outlet  causes 

gross  pollution  of  shore  waters  in  that  vicinity, 
the  contamination  at  times  extending  long  distances 
east  or  west  from  the  outlet  in  accordance  with  the 
direction  of  the  tidal  currents, 

k.      The  sewage  from  the  Baker^s  Beach  outlet  causes 

gross  pollution  of  the  recreation  beaches  and  waters 
in  this  vicinity  and  the  contaminated  water  extends 
long  distances  east  or  Vcest  in  accordance  with  the 
direction  of  the  tidal  currents, 

5,  'The  sewage  discharged  from  the  Mile  Rock  outlet 

causes  gross  pollution  in  the  immediate  vicinity 
and  serious  contamination  for  long  distances,  even 
extending  southerly  along  the  Ocean  front 

6.  A  considerable  stretch  of  the  southwest  shore  line 

is  polluted  by  the  sewage  discharged  by  the  Vista 
Grande  outlet. 


The  situation  and  configuration  of  the  San  Francisco 
Peninsula  with  relation  to  the  waters  of  San  Francisco  Bay, 
Golden  Gate  Strait,  and  the  Pacific  Ocean,  are  such  that  the 
greatest  advantage  economically  feasible  should  be  taken  of 
the  large  diluting  volume  of  these  waters  for  the  disposal  of 
the  sewage,  subject  to  the  limitation  that  the  sewage,  direct- 
ly or  indirectly^  shall  not  create  conditions  objectionable  to 
the  senses,  and  shall  not  endanger  the  public  health  or  that 


IV 


of  individuals  frequenting  the  beaches  and  utilizing  the  shore 
Waters  for  recreational  or  other  purposes. 

We  make  the  following  specific  recommendations: 

1.  That  the  sewage  of  the  existing  Southeast  sewerage 

district  be  intercepted  and  carried  to  treatment 
plants  at  or  near  China  Point,  Hunter's  Point  and 
North  Point,  in  accordance  ?/ith  the  general  plan 
which  the  City  has  been  follof/ing, 

2,  That  the  sewage  of  the  existing  North  Point  sewerage 
district  and  of  a  portion  of  the  existing  Southeast 
sewerage  district  be  pumped  at  the  proposed  North 
Point  sewage  treatment  plant;  and  that  the  sewage 

of  the  existing  North  Point,  of  a  part  of  the  exist- 
ing Southeast,  and  of  the  Marina  sewerage  districts 
be  treated  to  remove,  (a)  grit,  (b)  oil,  grease,  and 
other  floating  matter,  and  (c)  the  coarser  portion 
of  the  suspended  material,  by  means  of  racks,  grit 
chambers,  aerated  skimming  tanks,  and  fine  screens; 
and  that  the  treated  sewage  be  discharged  at  a  dis- 
tance of  2000  feet  from  the  bulkhead  line,  in  water 
at  least  50  feet  deep,  through  a  submerged  outlet 
pipe  equipped  with  a  system  of  diffusion  nozzles. 


That  the  sewage  of  the  Marina  sev/erage  district  toe 
pumped  through  a  force  main  to  the  North  Point 
treatment  plant,  the  force  main  being  laid  for  a 
part  of  its  length  within  the  tunnel  of  the  Belt 
Line  Railroad  under  Fort  Mason. 

That  the  North  Point  sewerage  works  be  constructed 
as  soon  as  the  necessary  funds  become  avails.ble, 
and  that,  pending  their  construction,  the  sev/age  'i 
the  Marina  sewerage  district  be  discha.rged  into  the 
Beach  Street  sewer  in  The  Embarcadero,  whence  it 
will  flov;  into  the  slip  between  Piers  37  find  39. 
That  land  foy;  the  North  Point  sewage  treatment  plant 
be  acquired  e.s  soon  as  financially  practicable, 
even  though  plant  construction  cannot  be  undertaken 
at  that  time. 

That  the  se-vage  of  the  inojor  portion  of  the  Baker's 
Beach  sewerar^e  sub-district  be  diverted  and  conveyed 
by  gravity  through  a  sev;er  tunnel  from  the  inter- 
section of  Twonty-f ourth  Avenue  and  Lake  Street 
to  the  intersection  of  Thirty-fourth  Avenue  and 
Fulton  Street;  thence  through  a  sewer  in  Fulton 
Street  to  Forty-sixth  Avenue,  thence  to  a  proposed 
treatment  plant  in  Golden  Ga":e  Park;  and  that  the 
sewage  of  the  rc^mainder  of  the  Baker's  Bea.ch  sub- 
district  be  pu.mped  at  an  underground  pumping  station 
situated  at  the  northern  end  of  Twenty-fifth  Avenue 


North,  to  the  proposed  sev^er  at  Twenty-fifth  Avenue 
and  Lake  Street. 

That  the  sewage  of  the  major  portion  of  the  West 
Richmond  sewerage  sub-district  be  diverted  from  the 
existing  trunk  sewer  in  Fulton  Street  at  Forty-sixth 
Avenue  and  combined  with  the  sewage  from  the  Baker's 
Beach  sub-district  at  that  point;  and  that  the  re--- 
mainder  of  the  sewage  of  the  West  Richmond  sub-dis- 
trict be  concentrated  at  the  existing  pumping  station 
at  Forty-eighth  Avenue  and  Fulton  Street,  and  pumped 
through  a  force  main  to  that  same  point  whence  all 
the  sewage  would  flow  by  gravity  through  a  proposed 
sewer  leading  to  the  treatment  plant. 

That  the  sewage  of  a  portion  of  the  Sunset  sub-district 
be  diverted  and  conveyed  by  gravity  from  the  existing 
sewer  in  Lincoln  Way  at  Forty-fifth  Avenue  to  the 
treatment  plant;  and  that  the  sewage  of  the  remainder 
of  the  Sunset  sub-district  be  diverted  and  pumped 
from  the  existing  Mile  Rock  trunk  sewer  in  Golden 
Gate  Park  to  the  treatment  plant. 

That  the  sewage  of  the  Mile  Rock  sewerage  district, 
comprised  of  the  Baker's  Beach,  West  Richmond  and 
Sunset  sub-districts,  be  treated  to  remove  (a)  grit, 
(b)  oil,  grease,  and  other  floating  matter,  and  (c) 
that  portion  of  the  suspended  solids  which  will  settle 
in  a  moderate  period  of  time,  by  means  of  racks,  grit 
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chambers,  aerated  skimming  tanks,  and  sedimentation 
tanks;  that  as  much  as  needed  of  the  effluent  be 
furnished  for  use  in  the  Park,  and  that  the  remainder 
after  chlorination  be  discharged  temporarily  into  the 
existing  Mile  Rock  trunk  sewer  and  discharged  through 
the  present  outlet  at  the  north  shore  a  short  distance 
eastward  of  Lobos  Point;  and  that  the  sludge  from  the 
sedimentation  tanks  be  subjected  to  biological  digestion 
in  gas-tight  tanks,  that  the  digested  sludge  be  dewatered 
by  means  of  vacuum  filters,  and  that  the  dewatered  sludge 
be  furnished  for  use  in  the  Park,  upon  municipal  golf 
courses,  and  other  areas, 

10,  That,  in  anticipation  of  the  eventual  need  of  providing 
for  the  discharge  in  deep  water  well  offshore  of  the 
effluent  from  the  Golden  Gate  Park  treatment  plant  above 
described  or  for  complete  treatment  in  the  Park,  borings 
and  other  data  be  secured  v/hich  will  make  possible  a 
reliable  estimate  of  the  efficacy  and  cost  of  discharge 
in  deep  water  in  comparison  with  complete  treatment;  and 
that,  when  necessary,  the  more  advantageous  of  these 
plans  be  adopted  and  executed, 

11,  That  negotiations  be  undertaken  immediately  with  the 
authorities  of  Daly  City  and  the  adjoining  areas  in 
San  Mateo  County,  which  are  tributary  to  the  Vista 
Grande  sewer  outlet  in  the  extreme  southwest  corner 
of  the  City  and  County  of  San  Francisco,  to  the  end 
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that  provision  be  made  for  eliminating  the 
nuisance  now  existing,  due  to  the  sewage  from 
these  areas,  either  by  complete  treatment  and 
appropriate  disposal  of  the  effluent  or  by  pum- 
ping through  a  force  main  into  the  sewers  leading 
to  the  treatment  plant  in  Golden  Gate  Park, 
12.        That  the  City  request  the  War  Department  to  make 
provision  for  delivering  all  of  the  sewage  of  the 
Presidio  and  Fort  Mason  into  the  sewerage  system 
of  the  City  in  order  that  it  may  be  properly 
treated  together  with  the  City's  sewage. 
With  the  completion  of  the  works  recommended  and  their 
faithful  and  efficient  operation,  the  sewage  will  be  disposed 
of  in  as   effective  and  economiC9.1  a  manner  as  possible  having 
due  regard  for  the  suitable  protection  of  the  beaches  and 
shore  waters  from  sewage  pollution. 

It  is  to  be  noted  that  this  Report  recommends  the  removal 
of  the  sewage  of  the  Marina  sewerage  district  by  pumping  into 
the  North  Point  district  v;here  it  is  proposed  to  be  treated  in 
the  future  in  combination  with  the  sewage  of  that  district. 

In  the  meantime  it  should  be  understood  that  the  removal 
of  the  sewage  as  recommended  will  definitely  eliminate  the  maj- 
or source  of  contamination  of  shore  waters  in  the  vicinity  of 
the  Yacht  Harbor.  Under  certain  conditions  of  tide,  ae  dis- 
cussed in  the  report,  some  contamination  of  these  waters  does 
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and  will  continue    to  occur  from  the  sewage  discharged  at 
North  Point,  However,  the  conditions  would  not  be  changed 
in  this  respect  even  though  a  plant  for  the  complete  treat- 
ment of  the  sewage  of  the  Marina  district  were  constructed 
within  that  district. 

At  present  the  shore  waters  of  the  Marina  dis- 
trict, grossly  polluted  with  sewage,  move  with  the  tides 
back  and  forth  continuously  along  its  water  front.  Water 
contaminated  with  sewage  by  the  North  Point  outfall  will 
be  required  to  travel  some  two  and  one-^half  miles  before 
reaching  the  Yacht  Harbor, 

Prior  to  the  building  of  the  treatment  plant 
the  periods  during  which  the  contaminated  waters  from  North 
Point  will  be  found  in  the  vicinity  of  the  Yacht  Harbor 
under  the  recommended  project  will  be  brief  and  the  degree 
of  such  contamination  relatively  small. 


CONSTRUCTION  COST  ESTIMATES. 
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The  estimates  of  the  construction  cost,  including  engineer- 
ing and  contingencies,  of  the  works  herein  proposed  are  summarized 
in  the  table  below  in  two  parts;  first,  those  works  recommended 
for  immediate  construction  totaling  $1,300,000,  and  second,  those 
recommended  for  later  construction  totaling  |2, 250,000. 

A.  Work  recommended  to  be  done  from  present  bond  funds. 

North  Point  and  Marina  Sewerage  Project. 

Marina  Pumping  Plant  and  Force  Main,  including 

repairs  to  Pierce  Street  sewer  at  outlet  end    |  252,000 

Richmond-Sunset  Sewerage  Project. 

Baker's  Beach  Pumping  Plant,  Diversion  Struc- 
tures and  Connecting  Sewer  Lines  to  treatment 
plant  ^65,000 

West  Richmond  Pumping  plant  and  Force  Main, and 

Sunset  Connecting  Sewer  Lines  ^0,000 

Richmond -Sun set  Treatment  Plant  5^3 ,000 

Total  .  ,   $1,300,000 

B.  Work  recommended  to  be  done  as  soon  as  funds  are  available. 


North  Point  and  Marina  Sewerage  Project . 

Land  for  treatment  plant  site  $  600,000 

North  Point  Treatment  Plant,  including  pumping 

Plant,  Sewer  Line  Changes  and  Outlet  pipe  to 

bulkhead  line  1,250,000 

Outlet  Pipe  to  approximately  2000  feet  from 

bulkhead  line,  including  Diffusion  System  ^00,000 

Total    12,250,000 

Richmond -Sun set  Sewerage  Project. 

Outlet  Pipe  to  deep  water  or  Complete  Treatment 

in  Golden  Gate  Park  Not  estimated. 

The  cost  of  the  work  to  be  done  in  the  Southeast  and  the 
Southwest  sewerage  districts  has  not  been  estimated  because  of  the 
lack  of  necessary  information  regarding  the  general  details  of  the 
work  required. 
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ESTIMATED  COST  OF  OPERATION  OF  TREATMENT  WORKS  AS  OF  19^. 

Marina  Pumpinp:;  Station. 

Power  and  lighting  $g,000 

Labor    2,^00 

Materials  and  supplies    900 

Total    Ill, 300 

Richmond-Sunset  Sewerage  Proieot. 

Twenty-fifth  Avenue  North    Pumping  Station. 

Power  and  lighting   .'|2, ^00 

Labor    1,050 

Materials  and  supplies   350 

Sub- total    13,200 

Forty-eighth  Avenue  and  Fulton  Street 
Pumpino-  Station,  

Power  and  lighting   $  900 

Labor    700 

Materials  and  supplies    200 

Sub- total    $l,gOO 

Riclmiond- Sunset  Treatment  Plant. 

Power  and  lighting  |5 ? 000 

-    Labor*  36,000 

Materials  and  supplies  **  .....  1,^00 
Chlorine,  ferric  chloride  and 

other  chemicals  13 > 300 

Sub-total    $55 , 700 

Total    $61,300 


♦  Includes  delivery  of  sludge  but  not  spreading. 
**  Cost  of  water  required,  65,000  gallons  a  day, 

not  included  as  it  is  a  matter  of  int er^departmental 
bookkeeping. 
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In  closing,  we  desire  to  acknov/ledge  the  cooperation 
of  His  Honor  the  Mayor,  the  Chief  Administrative  Officer,  the 
Director  of  Public  Works,  the  City  Engineer,  and  the  Director 
of  Public  Health. 

We  record  our  appreciation  of  the  assistance 
rendered  by  Messrs.  Ohrnen,  Tegtraeyer,  Stahle,  and  Benas  of 
the  Bureau  of  Engineering;  of  Dr.  Annie  D.  MacRae,  Director 
of  Laboratories,  Department  of  Public  Health;  and  of  1/Ir.   C.  L. 
Cook,  Chemist  in  Charge  of  Testing  Laboratory,  Department  of 
Public  Works.        Mr.  Benas  has  been  in  direct  charge  of  all 
field  and  office  studies. 

Respectfully  presented. 

(Signed)  Harrison  P.  Eddy 

(signed)  Charles  Gilman  Hyde 

(Signed)  Clyde  C.  Kennedy 

(Signed)  Leon  B.  Reynolds 


Board  of  Consulting  Sanitary  Engineers. 
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-  REPORT  - 

UPON  THE  TREATIIE^IT  AND  DISPOSAL  OF  THE  SEVi'AGE 

OF  THE 

CITY  AND  COUNTY    OF  SAN  FRANCISCO,  CALIFORNIA 

May  6,  1935 

INTRODUCTION 

The  Problem  Stated 

The  shore  waters  of  the  City  and  County  of  San  Francisco 
are  more  or  less  polluted  with  sewage  throughout  their  entire 
length  from  the  southeast  bouTidary  around  to  the  southwest  city 
limit.     The  length  of  shore  line,  bordering  upon  San  Francisco 
Bay  on  the  east,  Golden  Gate  Strait  on  the  north,  and  the 
Pacific  Ocean  on  the  west,   is  approximately  23  miles. 

Virtually  the  entire  west  coast  south  of  the  Cliff  House  is 
comprised  of  one  magnificent  stretch  of  wide,  sandy  beach  about 
five  miles  in  length  facing  the  Pacific  Ocean,     Along  the  north 
shore,  from  the  Cliff  House  to  Aquatic  Park,  are  to  be  found 
ten  beaches  of  some  magnitude  and  several  others  which  are  small 
and  not  readily  accessible.     In  the  southeasterly  portion  of  the 
city  there  are  two  beaches  Y/orthy  of  special  consideration. 

At  the  present  time  the  City  and  certain  United  States 
Government  establishments  maintain  3I  sewer  outfalls  through 
which  sewage  is  constantly  being  discharged  at  the  shore  line 
or  in  small  estuaries  and  channels  adjacent  thereto.     Of  this 
number,  I9  are  along  the  east  shore,  11  are  on  the  north  shore, 
and  one  is  on  the  west  coast.  In  addition  to  these  outfalls 
which  regularly  discharge  sewage  into  the  coastal  waters,  there 


are  at  least  10  storm  overflows  which  occasionally  contribute 
sewage,  diluted  with  storm  water,  hereinafter  called  storm 
sewage,  in  quantities  varying  from  comparatively  small  to  rela 
tively  large  volumes.     The  storm  discharges  are  infrequent  in 
the  warmer  portion  of  the  year  and  do  not  appear  to  be  serious 
ly  detrimental. 

The  people  of  San  Francisco,  as  a  community,  are  an 
out-of-door,  recreation-seeking  group.  On  fine  days,  during 
the  seven-month  period,  April  to  October,  they  flock  to  all 
available  beaches  and  shores  for  various  types  of  recreation, 
including  swimming.  On  warm  days  in  the  other  months  of  the 
•year  the  beaches  are  frequented,  but  swimming  is  not  largely 
indulged  in. 

The  presence  of  sewage  is  shown  by  fecal  matter  and 
other  litter  along  the  beaches  and  is  demonstrable  in  the 
coastal  waters  at  nearly  all  points  by  laboratory  tests. 
This  pollution  has  its  public  health  implications  in  that  it 
is  dangerous  to  swim  in  such  heavily  polluted  waters  or  to  use 
beaches  fouled  with  fecal  matter.     The  esthetic  implications 
likewise  are  not  to  be  overlooked  or  condoned. 

If  the  people  of  San  Francisco  are  to  enjoy  with 
safety  and  without  restraint  the  many  beaches  which  nature 
has  provided,  it  is  obvious  that  the  sewage  must  be  disposed 
of  in  such  manner  that  the  untoward  conditions  above  recited 
shall  not  obtain,  particularly  during  that  period  of  the  year 
which  is  climatically  favorable  to  the  recreational  use  of  the 
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beaches. 

It  is  the  purpose  of  this  study  and  report  to  determine  and 
recommend  the  most  suitable  program  of  sewerage  improvements 
which  will  return  the  beaches  and  coastal  waters  to  a  safe  and 
attractive  condition. 

Appointment  and  Duties  of  Board  of  Consulting  Sanitary  Engineers 
The  Board  of  Consulting  Sanitary  Engineers  was  appointed  by 
W,  H,  Worden,  Director  of  Public  Works,  under  Department  of 
Public  Works  Order  No,     629,  approved  July  25,  193^.     The  terms 
of  this  Order  prescribed  that  the  Board  shall  "investigate  and 
report,  with  estimate  of  cost,  upon  the  most  economical  and 
reasonably  effective  method  of  disposing  of  the  sewage  at  Baker *s 
Beach -and  the  Marina  through  sewage  disposal  plants  to  be 
erected  out  of  Federal  Public  Works  Administration  funds." 

As  explained  later,  the  pollution  of  the  waters  of  the 
Marina  and  Baker '-s  Beach  is  caused  in  part  by  sewage  from  other 
portions  of  the  city,  notably  that  discharged  at  North  Point  and 
at  Mile  Rock,  It  therefore  has  been  necessary  to  give  some  con- 
sideration to  the  broad  problem  of  the  disposal  of  the  sewage  of 
practically  the  entire  city. 

At  the  outset  C.  G,  Gillespie,  Chief,  Bureau  of  Sanitary 
Engineering,  Department  of  Public  Health  of  California,  was 
appointed  to  serve  as  an  ex-officio  member  of  the  Board  and  did 
so  serve  for  several  months.    Later,  v/hen  it  became  evident  that 
a  treatment  plant  and  new  outlet  pipe  in  the  vicinity  of  Baker's 
Beach  would  not  be  recommended,  but  that  the  sewage  would  be  di- 
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-in- 
verted therefrom,  Mr,  Gillespie  resigned  on  the  ground  that  this 
particular  problem,  which  was  so  vitally  related  to  China  Park, 
having  been  solved,  he  could  be  relieved  from  further  duties  in 
connection  with  the  work  of  the  Board*  The  remaining  members  of 
the  Board  appreciate  the  helpful  work  of  Mr*  Gillespie  while  a 
member  and  regret  his  retirement. 
Conditions  Demanding:  Present  Study  and  Report. 

Two  circumstances,  in  particular,  have  contributed  to  a 
demand  for  an  immediate  solution  of  the  problems  of  shore 
pollution.  One  of  these  was  the  agitation  for  the  purchase^  with- 
out further  delay,  of  lands  to  create  a  new  state  park  to  be 
known  as  China  Park,     The  other  was  the  application  by  the  City 
and  County  of  San  Francisco  for  Public  Works  Administration  funds 
to  cover  the  cost  of  certain  projected  sewerage  improvements,  in- 
cluding treatment  plants,  to  prevent  the  serious  pollution  at 
Baker's  Beach,  at  China  Cove,  and  at  the  Marina. v:. 

The  Board  of  State  Park  Commissioners  refused  to  proceed 
with  the  purchase  of  the  lands  necessary  to  the  China  Park  devel- 
opment unless  or  until  there  was  assurance  that  the  pollution  of 
China  Cove  and  Baker's  Beach  virould  be  remedied.  Upon  represen- 
tation by  the  administrative  authorities  of  the  City  and  County 
of  San  Francisco  that  an  impartial  board  of  sanitary  engineers 
would  be  appointed  to  consider  and  report  upon  the  matter  and 
further,  that  the  recommendations  of  that  board  as  related  there- 
to would  be  faithfully  carried  out,,  the  State  Board  of  Park 
Commissioners  contributed  its  share  of  the  funds  necessary  to  the 
purchase  of  the  China  Park  property.    The  City  was  thus  committed 
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to  the  appropriate  treatment  and  disposal  of  the  sewage  now  dis- 
charged at  Baker's  Beach, 
Relation  of  Sewer  Outfalls  to  Shore  Pollution. 

There  are  at  present  four  main  outfalls  of  the  City  and 
several  others  built  and  maintained  by  United  States  Government 
establishments,  which  are  responsible  for  the  pollution  of  the 
shores  and  shore  waters  of  San  Francisco,     From  a  study  of  the 
directions  and  velocities  of  tidal  currents  along  these  shores 
and  of  the  results  of  a  comprehensive    series  of  bacterial  ex- 
aminations of  these  waters,  it  shortly  became  apparent  that  the 
pollution  effects  of  these  several  outfalls  were  closely  re- 
lated.    It  was  discovered,  for  example,  that  it  would  be  of 
little  avail  to  treat  and  suitably  dispose  of  the  sewage  now  dis- 
charged at  Baker's  Beach  unless  that  now  discharged  at  Mile  Rock 
was  also  suitably  treated  and  disposed  of.    Furthermore,  the  sew- 
age discharged  at  North  Point,  between  Piers  37  and  39 j  undoubt- 
edly pollutes  the  shore  waters  as  far  westward  as  the  Marina, 
while  both  the  North  Point  and  Marina  outfalls  contribute  to  the 
pollution  of  Aquatic  Park  Beach  and  waters. 
Data  Initially  Available  to  Board. 

At  the  outset  the  Board  was  furnished  with  a  comprehensive 
"Preliminary  Report  on  Studies  in  Connection  with  Proposed  Sew- 
age Disposal  Improvements  Along  the  North  Shore  of  San  Francisco" 
dated  April,  193^,  hereinafter  called  the  Preliminary  Report, 
This  report  was  prepared  by  the  staff  of  the  Bureau  of  Engineer- 
ing under  the  direction  of  John  J,  Casey,  City  Engineer.  It  con- 
tains a  fund  of  basic  information  which  has  been  utilized  by  the 
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Board  and  has  furnished  the  foundation  for  further  field  and 
office  studies. 

In  addition  to  the  material  contained  in  the  Prelimi- 
nary Report  the  City  Engineer  has  furnished  the  Board  with 
much  other  information  and  with  maps,  drawings,  surveys,  and 
estimates  which  have  been  of  material  value. 

The  "Report  upon  a  System  of  Sewerage  for  the  City  and 
County  of  San  Francisco,"  1^99,  by  C.EcGrunsky,  Civil  Engineer 
in  Charge,  and  Marsden  Manson  and  C.S*Tilton,  Associate  Engineers 
and  approved  by  Rudolph  Hering,  Consulting  Engineer,  has  been 
helpful.  That  report  clearly  defines  the  sewer  system  whichj 
as  now  built,  conforms  closely  with  that  therein  recommended.' 
Field,  Laboratory,  and  Office  Studies 

The  field  work  and  studies  undertaken  in  connection  with 
the  Report  of  this  Board  have  involved  the  following:  surveys 
of  various  treatment  plant  sites  and  routes  for  sewers;  hydro- 
graphic  surveys  and  soundings  of  several  possible  locations  for 
outlet  pipes;  construction  of  weirs  and  other  measuring  devices, 
and  the  gauging  of  the  flow  contributed  by  major  sewerage  dis- 
tricts; extended  observations  of  tidal  current  directions  and 
velocities  by  means  of  floats  and  dyes;  bacterial  analyses  of 
shore  waters  to  determine  the  extent  of  contamination;  sampling 
and  analysis  of  the  sewage  contributed  by  typical  districts  and 
certain  field  tests  and  observations  to  reveal  its  composition 
and  condition. 

All  bacterial  samples  were  examined  for  B.  coli  at  the 
laboratory  of  the  Department  of  Public  Health.  The  chemical 
analyses  of  sewage  were  made  in  the  testing  laboratory  of  the 
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Departnient  of  Public  Works. 

The  office  work  and  studies  have  embraced  the  compilation 
of  many  sorts  of  data  and  the  preparation  of  maps,  drawings, 
diagrams,  and  charts;  the  making  of  population  estimates  and 
forecasts;  the  study  of  cl imatological  statistics  relating  to 
rainfall,  winds,  and  temperature;  the  layout  and  tentative  de- 
sign of  sewers,  outfalls,  pumping  stations,  treatment  plants, 
and  outlet  pipes;  and  the  estimation  of  construction  quanti- 
ties and  costs, 

CLIMATOLOGY  OF  SAN  FRANCISCO 

Temperature 

The  climate  of  San  Francisco  is  equable.     The  records  of 
the  Weather  Bureau  of  the  United  States  Department  of  Agri- 
culture show  that  only  twice  in  63  years  has  the  temperature 
dropped  belovir  the  freezing  point,  with  an  absolute  minimum  of 
27°,  and  only  seven  times  in  this  period  has  it  dropped  below 
35° •  Only  twice  has  a  temperature  above  100°  been  recorded. 
Extremes  approaching  these  limits  are  rare  and  usually  of 
short  duration,  two  or  three  days  at  most.     The  average  tem- 
perature throughout  the  day  does  not  vary  more  than  15°  nor 
is  the  range  throughout  the  year  much  more  than  15°  foi" 
corresponding  hours  of  the  day.     This  is  shown  by  the  tem- 
perature isopleths  on  Plate  1.  This  uniformity  is  indicated 
graphically  on  Plate  2,  which  shows  maximum.,  average,  and 
minimum  monthly  temperatures.     The  normal  daily  mean  temper- 
ature is  given  on  Plate  3  and:  the  average  and 
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extrerae  temperatures  by  months  on  Plate 
Wind 

As  with  temperature,  a  remarkable  uniformity  prevails 
with  respect  to  the  direction  and  velocity  of  the  winds  in  San 
Francisco.     Sudden  gales  of  considerable  intensity  occur  but 
they  are  of  short  duration.    Periods  of  calm  occur  but  they 
rarely  continue  through  the  day.     The  winds  blow  with  great 
regularity  from  the  west  and  southwest.     Seasonally  there  is 
some  variation.     Winds  from  the  north,  northwest,  and  northeast 
occur  most  frequently  during  the  winter  and  spring  months  and 
southeast  winds  prevail  during  periods  of  rain.     In  the  early 
morning  hours,  even  in  the  summer  season,  winds  may  blow  from 
the  north  and  northeast. 

While  a  general  statement  as  to  direction  of  the  prevail- 
ing wind  for  many  places  may  be  quite  misleading,  it  is  not  so 
in  the  case  of  San  Francisco.    For  more  than  75  psr  cent  of  the 
time,  from  April  to  October,  the  wind  blows  from  the  southwest 
and  west.     This  is  shown  on  Plate  ^  a.s  a.  15-year  average  from 
records  of  the  Weather  Bureau. 

The  hourly  wind  directions  and  velocities  for  the  12 
months,  March,  1933  "^o  February,  1934- ,  are  shown  on  Plates  6-9. 

The  average  wind  velocity  does  not  exceed  21,5  ^niles 
per  hour  as  shown  by  isopleths  on  Plate  10.     Throughout  the 
afternoons  of  the  seven  months,  April  to  October,  the  wind 
velocity  averages  more  than  I3  miles  per  hour.     The  general 
trend  of  wind  movement  is  parallel  to  the  north  shore  and  on 
shore  along  the  west  coast.     These  sections,  as    has  been 
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pointed  out  elsewhere,  embrace  all  recreational  beach  areas 
except  those  in  the  extreme  southeasterly  portion  of  the  city. 

Rainfall 

The  rainfall  in  San  Francisco  occurs  chiefly  in  the  win- 
ter months.     This  is  shown  on  Plate  11  which  gives  the  average 
rainfall  distribution  by  months  as  the  maximum,  average,  and 
minimum  for  the  ^5-7 ear  period  for  which  records  are  available; 
also  the  average  number  of  days  in  each. month  when  rainfall  of 
0.01  inch,  0,25  inch,  and  1,0  inch  occurred.     It  may  be  stat- 
ed that  the  intensity  of  rainfall  in  San  Francisco  is  low  as 
compared  with  other  communities  in  the  more  arid  parts  of 
California  or  elsewhere  in  the  United  States, 

The  maximum,  average,  and  minimum  monthly  rainfall  is 
shown  graphically  on  Plate  12, 

Of  the  recorded  average  annual  rainfall  of  21,9  inches, 
3.6  inches  or  17  per  cent  fell  in  the  seven  months,  April  to 
October,    Of  the  67  days  a  year  showing  precipitation  of  0.01 
inch,  Ig  days  or  27  per  cent  v/ere  in  the  7-month  period.  For 
the  26  days  shov^ing  precipitation  of  0.25  inch,  four  days  or 
16  per  cent  were  in  the  7-month  period.    On  only  a  few  days 
in  the  63-year  period,  averaging  less  than  one  a  year,  has  a 
precipitation  of  1,0  inch  occurred  in  the  7-month  period. 

Since  the  period,  April  to  October  inclusive,  covers 
the  time  when  the  beaches  are  most  used,  the  character  of  the 
storms  in  this  period  is  of  importance  as  showing  the  extent 
to  which  storm  waters  contribute  to  fouling  the  recreational 
beaches,    Plate  I3  shows  the  number  of  hours  that  rainfall  of 
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the  stated  intensity,  as  a  yearly  average  and  as  a  cumula- 
tive total  for  all  high  intensities,  occurs  during  the  7 
month  period.     It  appears  that,  of  the  hours  of  rain  in  the 
7-month  period,  63  per  cent  have  intensities  of  less  than 
0.0^  inch  per  hour. 

The  number  of  storms  and  total  hours  of  rainfall  dur- 
ing storrns  of  different  intensities  below  and  above  0.0^  inch 
per  hour  for  this  period  are  shown  in  detail  on  Plate  ik. 
From  this  tabulation  it  appears  that,  of  26  storms  bringing 
rain  for  a  total  period  of  65  hours,  seven  storms  gave  an 
intensity  of  between  0,02  inch  and  0,0^  inch  per  hour.  In 
6,3  storms    an  intensity  of  0,0^  inch  was  exceeded.  These 
average  data  are  for  the  27  years  ending  December  31,  •• 
1533. 

Plate  15  shows  the  frequency  with  which  rains  of 
different  intensities  occur  during  the  warmer  season,  April 
to  October, 

Plate  16  shows  the  number  of  days  from  April  to 
October  when  there  was  a  rainfall  intensity  greater  than 
0,01  inch  per  hour,  during  the  I5  years,  I915  -  1929 >  and 
emphasizes  the  infrequency  of  runoff-producing  rains  during 
the  season  when  the  beaches  are  utilized  commonly  for 
recreation. 

Unless  occurring  during  a  part  of  a  period  of  more 
intense  precipitation,  rains  of  0,01  inch  per  hour  will  not 
produce  a  runoff  and  can  be  disregarded  in  a  study  of  the 
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effect  of  storm  sewage  discharge. 

Rains  having  an  intensity  of  O.Ol  to  0.0^  inch  per 
hour  occur  on  the  average  a.tiout  once  a  month  during  the  "J- 
month  period  and  their  aggregate  duration  is  22.3  hours,  or 
0.^  per  cent  of  the  time.     Even  in  an  abnormally  wet  season, 
such  rains  may  be  expected  only  about  once  in  two  weeks, 
and  their  aggregate  duration  will  be  about  ^0  hours,  equiva- 
lent to  1  per  cent  of  the  time. 

Rains  of  greater  intensity  are  slightly  more  frequent 
on  the  average  although  their  duration  is  equal  to  about 
the  same  proportion  of  the  total  time,  0.^  per  cent.  Even 
in  abnormally  wet  years  such  rains  may  be  expected  only 
about  once  in  two  weeks, 

GEOGRAPHY  AND  TOPOaRAPHY 
Area  and  Zoning 

The  total  land  area  embraced  within  the  city  limits 
of  San  FranciGCO  is  30,700  acres  or  ^3  square  miles,  includ- 
ing an  area  of  considerable  size  in  the  southeast  corner 
now  submerged  but  which  it  is  proposed  to  reclaim  to  the 
projected  bulkhead  line.     Included  in  this  total  are  3? 2^0 
acres  devoted  to  municipal  parks  and  playgrounds,  of  which 
Golden  Gate  Park  occupies  1,013  acres;  also  2,06^  acres  in 
United  States  military  reserves,  of  which  the  Presidio  occu- 
pies 1,^35  acres.     The  zoned  areas  are:     residential,  1^1-, 110 
acres;  commercial,  1,^75  acres;   industrial,  3? ^00  acres; 
total,  19 J 3^5  acres,  or  about  60  per  cent  of  the  total  land 
area. 
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Boundaries 

The  area  within  the  city  limits,  unchanged  since  1^99? 
is  roughly  seven  miles  square  with  its  boundaries  practically 
corresponding  with  the  cardinal  points  of  the  compass.  The 
city  is  bounded  on  the  east  by  San  Francisco  Bay,  on  the 
north  by  Golden  Gate  Strait,  on  the  west  by  the  Pacific  Ocean, 
and  on  the  south  by  San  Mateo  County,     The  northern  half  of 
the  east  shore  line  is  already  developed  with  piers  and  the 
southern  half  may  be  similarly  developed  in  the  future.  Of 
the  eastern  third  of  the  north  shore,  that  part  which  extends 
from  Aquatic  Park  westerly  to  the  Presidio,  except  the  portion 
near  the  Fort  Mason  docks,   is  devoted  largely  to  recreational 
use.     The  western  two-thirds  borders  the  Presidio,  China  Park, 
and  extensive  recreational  lands  under  the  jurisdiction  of  the 
Board  of  Park  Commissioners.     The  western  shore  comprises  a 
rocky  headland  at  the  north  end  and  five  miles  of  attractive 
sandy  beach,  most  of  which  is  available  for  recreational  use. 
The  Esplanade  and  Great  Highway  parallel  this  shore  in  its 
central  portion. 
Physical  Features. 

The  city  occupies  the  northern  end  of  the  San  Francisco 
Peninsula.     A  low  spur  of  the  Coast  Range  extends  northward 
through  the  city  slightly  west  of  the  central  axis  and  has  a 
maximum  elevation  of  over  900  feet  at  Mount  Davidson,  Twin 
Peaks,  and  Mount  Sutro.     This  spur  divides  the  city  into  two 
main  drainage  areas,  one  sloping  generally  westward  toward 
the  Pacific  Ocean  and  the  other  generally  eastward  toward  San 
Francisco  Bay.     In  the  main  the  topography  of  the  city  is 
hilly,  but  the  northeastern  and  eastern  areas,  some  portions 
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of  which  have  been  reclaimed  by  filling  to  the  present  bulk- 
head line,  are  low  and  flat.    Much  of  the  western  part  of  the 
city  has  been  built  upon  sand  dunes. 

TIDES  AND  CURRENTS 
Importance  as  Related  to  Sewage  Disposal 

The  elevations  and  the  rise  and  fall  of  the  tides,  and 
the  characteristics  of  the  tidal  currents  are  natural  condi- 
tions which  markedly  influence  the  problems  of  sewerage  and 
sewage  disposal.     Their  importance  was  recognized  in  the  Re- 
port of  1^99  and  the  Preliminary  Report.     Further  studies 
have  been  made  and  careful  consideration  has  been  given  to 
these  conditions  during  this  investigation. 
Tides 

The  relation  of  various  tidal  planes  is  shown  diagram- 
mat  ically  on  Plate  I7.     It  appears  that  the  range  of  tide  be- 
tween mean  lower  low  water  and  mean  higher  high  water  is  5'56 
feet.     The  mean  tidal  range  is  3.93  feet.     The  greatest  ob- 
served range  has  been  10. 5  feet,  and  that  for  any  one  day  10 
feet.     The  average  tidal  cycle  at  Fort  Point,  now  designated 
Golden  Gate  in  the  Tide  Tables  of  the  United  States  Coast  and 
Geodetic  Survey,  is  12  hours  and  25  minutes  equivalent  to  1.93 
cyqles  for  2k-  hours. 

A  typical  sequence  of  the  rising  and  falling  tides  is 
illustrated  diagrammat ically  by  dash  lines  on  Diagram  12, 
Plate  17.     The  plotted  heights  of  tide  are  those  predicted  in 
the  United  States  Coast  and  Geodetic  Survey  "Tide  Tables"  for 
July  25,  and  26,  193^.     On  July  26,  the  moon  was  full  and  in 
perigee  and  the  tides  therefore  were  greater  than  the  average. 


The  range  between  predicted  lower  low  water  and  higher  high 
water  on  July  26  was  a  little  more  than  &  feet. 

Tidal  Currents. 

The  channel  tidal  currents  in  Golden  Gate  Strait  are 
very  swift.  The  shore  currents  are  swift  also  in  the  vicinity 
of  the  northern  sewer  outlets,  but  considerably  slower  than 
those  in  the  channel.  Plate  17,  Diagram  12,  shows  by  solid 
lines  a  typical  sequence  of  variation  in  tidal  currents  and 
velocities . 

There  is  also  at  times  a  large  land  water  runoff 
coming  principally  from  Sacramento  and  San  Joaquin  Rivers 
through  San  Pablo  Strait  and  North  San  Francisco  Bay.  On 
this  account,  at  such  times,  ebb  tides  are  stronger  than 
floDd  tides. 

Tidal  Current  Charts  for  San  Francisco  Bay  published 
by  the  United  States  Coast  and  Geodetic  Survey,  as  Serial  No. 
h-^h  and  reproduced  on  Plate  I7,  show  the  direction  and 
strength  of  current  each  hour  at  times  of  tropic  tides,  i.e., 
at  the  moon's  maximum  declination  from  the  equator,  or  about 
every  2J  days.     From  these  charts  and  the  current  tables  it 
is  possible  to  predict  the  strength  of  the  tide  at  various 
places  off  the  San  Francisco  shore.     While  there  are  days 
when  the  tidal  currents  are  swift  at  the  location  of  each  of 
the  outlets  considered,  there  are  also  days  when  the  currents 
are  moderate. 

The  direction  and  velocity  of  tidal  currents  at 
North  Point,  the  Marina,  Baker's  Beach,  and  Mile  Rock,  at 
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various  distances  from  shore  and  under  various  conditions  of 
tide,  were  determined  by  a  comprehensive  series  of  float  ob- 
servations conducted  during  the  period  August  22,  -  October 
9,  193^»     The  results  are  presented  in  a  series  of  charts  on 
Plates  Ig  -  27,  and  in  summarized  form  on  Plate  2g, 

A  drawing  and  a  photograph  showing  the  types  of  floats 
employed  are  presented  on  Plates  29  and  30)  respectively. 

Numerous  bottle  floats  were  liberated  at  the  several 
points  in  question,  and  the  places  were  noted  where  they  were 
subsequently  found.     The  history  of  the  release  of  these 
floats  and  a  chart  showing  their  travel  are  presented  on 
Plates  31  and  32. 

The  Tidal  Prism  and  l^ovement  through  Golden  Gate  Strait. 

Recent  information  concerning  the  area  and  tidal  prism 
of  San  Francisco  Bay  is  to  be  found  in  the  Report  on  Salt 
Water  Barrier  by  Walker  R.^  Young,  Engineer,  United  States 
Bureau  of  Reclamation,  published  in  1929  as  Bulletin  No.  22, 
State  of  California,  Department  of  Public  Works,  Division  of 
Water  Resources,  pages  ^1,  302-303 «    From  that  source  the 
following  figures  have  been  taken: 

The  total  water  surface  of  the  bays  and  delta  channels 
at  mean  high  tide,  including  the  larger  sloughs,  is  5^1 
square  miles. 

There  are  about  62,000  square  miles  of  drainage  area 
tributary  to  Golden  Gate  Strait,  of  which  the  drainage  area 
of  the  Great  Central  Valley  is  5^,000  square  miles. 

Calculations  of  tidal  prisms  for  four  tidal  cycles 
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beginning  at  6:k^  P.M.,  July  6,  and  ending  at  g:00  P.M.,  July 
7,  1925,  were  made.     The  volumes  considered  were  those  between 
water  surfaces  at  successive  slack  water  periods.    At  that 
date  the  volume  of  upland  flow  was  inconsiderable.    The  area 
tributary  to  Golden  Gate  Strait  was  estimated  to  vary  between 
310,000  and  390,000  acres,  the  mean  depth  to  range  between 
2,50  and  6.17  feet,  and  the  tidal  prism  to  be  between  700,000 
and  2,300,000  acre-feet. 

For  San  Francisco  Bay  proper  the  averages  of  the  esti^ 
mated  area  and  tidal  prism  values,  for  both  flood  and  ebb  tide 
conditions,  are  respectively  200,000  acres  and  1,000,000  acre 
feet,  the  latter  figure  being  equivalent  to  320,000,000,000 
gallons  or  approximately  500,000  cubic  feet  per  second  flowing 
for  2k  hours. 

For  the  entire  tidal  area  of  the  bay  and  river  system 
tributary  to  Golden  Gate  Strait,  the  averages  of  estimated 
area  and  tidal  prism  values,  for  both  flood  and  ebb  conditions, 
are  respectively  350,000  acres  and  1,500,000  acre-feet,  equiv- 
alent to  ^gO, 000, 000, 000  gallons  or  approximately  750,000 
second-feet  flowing  for  2^  hours. 

In  the  general  case  the  ebb  tide  prism  should  be  equal 
to  the  flood  tide  prism  plus  the  yield  of  tributary  streams 
and  minus  evaporation.    San  Francisco  Bay  proper  has  a  relat- 
ively small  drainage  area  directly  contributing  to  it.  For 
the  dates  in  question  the  calculated  tidal  prisms  for  both 
flood  and  ebb  tides  are  the  same  for  the  entire  bay  and  river 
system.    For  San  Francisco  Bay  proper  the  prism  for  ebb  tide 
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was  calculated  to  be  actually  somewhat  smaller  than  for  flood 
tide.     The  inference  is  that  evaporation  was  equal  to  the  up- 
land flow  when  spread  over  the  entire  bay  and  river  tidal 
system  but  slightly  greater  than  the  direct  upland  contri- 
bution to  San  Francisco  Bay  proper  when  taken  by  itself, 

USE  OF  SHORES  AND  BSAGHES 
Utilizable  Beaches 

Plate  33  has  been  prepared  to  show  the  locations, 
general  extent,  and  availability  of  the  many  beaches  along  the 
east,  north,  and  west  shores  of  the  City,  and  their  relation 
to  the  outlets  for  sewage,  storm  sewage,  and  storm  water. 

Some  of  these  beaches  are  relatively  large  and  readily 
accessible  and  one  in  particular,  that  extending  in  an  unin- 
terrupted stretch  for  5  niiles  south  from  the  Oliff  House^  is 
truly  magnificent.     In  its  northerly  portion  it  is  flanked  by 
the  Esplanade  and  Great  Highway  and  has  become  famous  as  one 
of  the  great  recreational  beaches  of  the  region. 
Period  of  Use 

These  beaches  are  places  of  resort  on  all  pleasant  days 
throughout  the  year,  but  naturally  more  particularly  during  the 
warmer  season.     In  this  report  that  period  has  been  assumed  to 
comprise  the  seven  months  from  April  to  October,  inclusive.  It 
is  believed  that  swimming  in  the  shore  waters  in  this  region 
is  largely  confined  to  this  period. 


Types  and  Extent  of  Use. 

The  shore  waters  and  the  beaches  and  other  attractive 
shor^are  used  for  many  recreational  purposes,  including 
S7;imming  and  wading,  fishing,  boating,  sunbathing,  and  pic- 
nicking.    There  are  no  available  statistics  which  show  the 
numbers  of  persons  utilizing  any  or  all  of  these  beaches, 
shores,  and  shore  waters,  or  which  define  the  periods  when 
such  use  is  made  of  these  recreational  opportunities.  However, 
it  may  be  stated  that  enormous  numbers  of  persons  on  occasion 
visit  the  Ocean  beach  south  of  the  Cliff  House,  th;e  Yacht 
Harbor  at  the  Marina,  and  Aquatic  Park,  and  indulge  in  all  of 
the  recreational  activities  listed  above. 

The  sandy  beaches  in  numerous  coves  along  the  north 
shore  afford  some  of  the  best  natural  salt  water  bathing 
opportunities  to  be  found  in  the  San  Francisco  Bay  Region. 
It  is  understood  that  the  dangerous  undertow  encountered  on 
the  Ocean  shore  does  not  exist  here,  or  at  any  rate  to  the 
same  extent.    The  water  is  said  to  be  warmer  and  the  ex- 
posure to  wind  less.    These  beaches  are  becoming  increasingly 
popular  for  bathing.    The  main  objection  at  present  is  the 
serious  contamination  of  the  ?/ater  and  the  large  amount  of 
sewage  litter  found  on  the  beaches.    There  can  be  no  doubt 
that  the  natural  beauties  and  advantages  of  these  shores 

should  be  capitalized  by  the  elimination  of  the  sources  of 
contamination,  the  provision  of  bathing  facilities,  and  in 
other  ways. 
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POPUUTION 

Grunsky's  Prediction 

The  late  0.  E.  Grunsky,  in  his  report  of  1^99,  presented 

a  population  curve  showing  estimated  grovirth  to  the  year  19^0, 

Concerning  the  curve  he  made  the  following  statement: 

"It  is  proper  to  say  that  this  curve 
indicates  a  future  population  somewhat 
in  excess  of  that  v^hich  a  careful  stu- 
dent would  predict  and  that  this  is  in- 
tentional; it  being  desirable  for  the 
study  now  being  made,  to  know  what  popu- 
lation is  not  likely  to  be  exceeded." 

On  Plate  3^    Grunsky 's  curve  is  reproduced,  together 
with  the  curve  of  actual  population  to  date,  showing  remarkable 
parallelism  of  the  two  curves  where  both  the  forecasted  and 
actually  enumerated  populations  are  available,    Grunsky 's  pre- 
dicted maximum  population  for  I96O  was  1,100,000. 

Present  Difficulties  of  Prediction. 

Population  predictions,  difficult  under  normal  con- 
ditions, become  well-nigh  impossible  under  abnormal  conditions 
such  as  exist  at  present.    In  view  of  the  uncertainty  as  to 
the  effect  of  such  factors  as  the  present  business  depression, 
the  construction  of  the  San  Francisco-Oakland  and  Golden  Gate 
bridges,  and  plans  for  rapid  transit,  the  prediction  of  future 
growth  with  any  assurance  borders  on  temerity.    Grunsky <s  curve 
still  constitutes  as  reliable  an  estimate  of  maximum  future 
population  as  can  be  made  and  therefore  it  has  been  adopted. 
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Distribution  of  Total  Population  Among;  Sewerage  Districts. 

In  order  to  have  a  "basis  for  design  of  outfalls  and  treat- 
ment plants  for  individual  sev/er  districts,  it  is  necessary  to 
distribute  the  estimated  total  growth  among  the  several  dis- 
tricts.    The  City  Engineer  has  made  such  a  study  using  the 
following  method:     The  city  is  divided  into  tv/elve  Assembly 
districts,  the  population  of  which  is  known  for  1920  and  1930. 
From  the  zoning  maps  the  acreages  for  the  different  classifi- 
cations in  each  district  were  determined  and  population  densi- 
ties per  acre,  based  on  judgment  and  past  census  figures,  were 
adopted  such  that  the  total  population  would  approximate 
1,100,000,  The  densities  per  acre  for  first  residential  dis- 
tricts ranged  from  J>0  to  HO,  for  second  residential  from  ^0 
to  100,  for  commercial  from  20  to  120,  for  light  industrial 
from  10  to  kOj  and  for  heavy  industrial  from  10  to  20,    As  a 
check  on  this  method  a  survey  of  vacant  lots  was  made  from 
the  insurance  maps  of  three  of  the  twelve  Assembly  districts. 
The  population  of  each  of  the  three  districts  was  determined 
by  assuming  a  future  density  equal  to  the  present  density  of 
the  built-up  portions  and  eliminating  areas  judged  unlikely  to 
be  developed  prior  to  1960,^    A  possible  tendency  toward  a 
changed  type  of  residential  structure"  in  the  future  was 
taken  into  consideration.    As  further  checks,  comparisons  were 
made  with  the  results  of  a  survey  of  the  Sunset  District  made 
by  the  Board  of  Education  in  I93I  and  with  the  predictions  of 
other  engineers  and  organizations. 

The  future  growth  by  Assembly  districts  was  then  re- 
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distributed  on  the  basis  of  area  and  judgment  to  convert  it 
into  growth  by  sewerage  districts.     These  figures  have  been 
used  in  the  design  as  approximations  of  populations  not  likely 
to  be  exceeded. 

EXISTING  SE::irERAGE  DISTRICTS  AND  SYSTMS 
Division  into  Districts 

The  topography  of  the  city  naturally  suggests  gravity 
flow  of  sewage  from  the  main  ridge  eastward  to  the  bay  and 
westward  to  the  ocean.    As  the  eastern  and  older  portion  of 
the  city  developed,  independent  sev/erage  systems  were  added 
with  convenient  outlets  into  the  bay,  until  there  are  nov;  19 
outlets  for  sewage  along  the  eastern  shore.    The  northern  and 
newer  portion  of  the  city  west  of  Fort  Mason  has  been  sewered 
with  two  systems  having  tv/o  outlets  on  the  north  shore. 

The  sewage  of  most  of  the  western  portion  of  the  city  is 
carried  northward  by  means  of  a  tunnel  along  the  line  of  Forty 
eighth  Avenue,  through  the  topographic  barrier  and  discharged 
at  the  shore,    A  small  area  in  the  southwest  corner  of  the  city 
has  its  sewage  outlet  into  the  ocean  at  that  point. 

With  one  exception,  the  combined  system  has  been  used 
throughout  the  city;  in  other  words,  sev/age  and  storm  water 
are  combined.     In  one  small  area  near  the  foot  of  Market 
Street  separate  systems  have  been  constructed;  in  other  words, 
one  for  sewage  and  one  for  storm  water.     Diversion  structures 
have  been  provided  at  certain  points  to  intercept  the  sewage.' 
Overflow  structures  also  have  been  provided  to  by-pass  excess 
storm  sewage,     Plate  35  shows  the  existing  sewerage  districts 
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and  the  main  trunk  sewers  ?;ith  their  diversion  and  overflow 
structures. 

Southeast  Sewerage  District 

The  Southeast  sewerage  district  comprises  an  area  of 
5325  acres,  about  one-sixth  of  the  area  of  the  city,  and  it 
had  a  population  of  55,100  in  193O,  about  one-twelfth  of  the 
population  of  the  city.    The  zoned  area  is  3^  Pei"  cent  resi- 
dential, 5  Pei*  cent  commercial,  and  6I  per  cent  industrial.  The 
sewage  from  this  area  is  discharged  into  the  bay  through 
eighteen  outlets.  The  following  tabulation  gives  information 
concerning  these  outlets  in  consecutive  order  from  the  south 
city  limit  to  Brannan  Street. 

Number  of  Area  in  Population 

Location  of  Outlet  Outlets  Acres         in  193O 


Vis  it ac ion  Valley  (China  Point) 

1 

350 

kooo 

Yosemite  Avenue 

1 

335 

2k00 

Palou  Avenue 

1 

1010 

7000 

Evans  Avenue  (Hunter^s  Point) 

1 

325 

5000 

Islais  Greek  Channel 

1570 

22500 

Twenty-fourth  Street 

1 

310 

goo 

Seventeenth  Street 

1 

50 

500 

The  Channel 

6 

2000 

King  Street 

1 

25 

300 

Brannan  Street 

1 

300 

10600 

TOTAii 

IB 

5325 

55100 

. ,  ...  "I- 
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North  Point  Sewerage  District 

The  principal  commercial  and  industrial,  and  the  old 
residential  portions  of  the  city  constitute  the  North  Point 
sewerage  district.     Zoning  ratios  are  as  follows:     Gk-  per  cent 
residential,  1^  per  cent  commercial,  and  22  per  cent  indus- 
trial.    All  the  territory  east  of  the  divide  is  included  in 
the  North  Point  district,  with  the  exception  of  that  already 
described  as  in  the  Southeast  district.     The  North  Point  dis- 
trict embraces  9>060  acres,  about  one-third  of  the  area  of  the 
city,  and  had  a  population  in  1930  of  3^6,300,  or  about  two- 
thirds  of  the  population  of  the  city.    At  various  locations 
along  the  North  Point  main  there  are  diversion  structures  to 
intercept  the  sewage  flow.     Overflow  structures  have  been  pro- 
vided to  by-pass  excess  storm  sewage  into  the  bay  or  the  chan- 
nels.    The  locations  of  these  diversions  and  overflows  are 
shown  on  Plate  35. 

Between  Market  and  Howard  Streets  east  of  Third  Street, 
and  between  Howard  and  Harrison  Streets  east  of  Fremont  Street, 
is  a  small  territory  having  separate  systems  for  sewage  and 
storm  water.     The  sewage  is  pumped  into  the  North  Point  main. 
The  storm  water  together  with  a  portion  of  the  excess  storm 
sewage  from  the  North  Point  main  sewer  is  discharged  at  the 
foot  of  Howard  Street. 

North  of  Howard  Street  there  are  sewers  in  Commercial 
and  Jackson  Streets  which  carry  storm  sewage  overflows  to  an 
outlet  on  Jackson  Street  south  of  Pier  3.      On  Greenwich 
Street  there  is  a  similar  outlet  between  Piers  23  and  25. 
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The  main  outlet  of  the  North  Point  trunk  sewer  is  near 
the  intersection  of  Beach  Street  and  Grant  Avenue  through  the 
bulkhead  into  the  inner  end  of  the  slip  between  Piers  37  and 
39»    All  the  dry  weather  sewage  of  the  district  and  a  portion 
of  the  storm  sewage  are  conveyed  to  this  point. 

The  sewage  of  the  Beach  Street  sewer  is  discharged  into 
the  North  Point  sewer  and  the  excess  storm  sewage  through  an 
independent  outlet  into  the  slip  between  Piers  37  and  39* 
Marina  Sewerage  District 

The  Marina  sewerage  district  is  roughly  rectangular 
in  shape,  one  and  one-half  miles  in  length,  east  to  west,  and 
one  mile  in  wridth,  north  to  south.    The  eastern  boundary  runs 
from  the  southeast  corner  of  Fort  Mason  southeast  to  Russian 
Hill  and  follows  the  ridge  southeasterly  to  Jones  and  Clay 
Streets,    The  south  boundary  follov/s  the  ridge  through 
Lafayette  Park  and  Alta  Plaza  to  a  point  near  the  southeast 
corner  of  the  Presidio,  thence  southwest  and  west  six  blocks 
to  include  a  strip  about  three  blocks  wide  on  the  south  side 
of  the  Presidio,    The  principal  western  boundary  is  the  Presi- 
dio,   The  northern  boundary  is  Golden  Gate  Strait,    The  east- 
ern and  southern  boundaries  range  from  200  to  300  feet  in 
elevation  and  the  slope  of  the  district  toward  the  north  is 
very  steep  for  about  half  the  distance  and  gentle  for  the  re- 
mainder of  the  distance  to  the  shore. 

Fort  Mason  lies  just  inside  the  northeast  comer  of 
the  district.    There  are  two  blocks,  not  yet  filled  in,  of 
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light  industrial  area  to  the  west.  The  yacht  Harbor  and  the 
club  house  grounds  occupy  the  northwest  corner.  A  wide  lawn 
to  the  east  affords  an  unobstructed  view  of  the  Strait.  Ex- 
tension of  the  Yacht  Harbor  easterly  is  planned. 

The  total  area  of  this  district,  exclusive  of  parks 
and  playgrounds,  is  10^13  acres  and  the  1930  population  was 
6l,000.     This  territory  has  had  a  rapid  growth  during  the 
last  fifteen  years  and  only  about  one-eighth  of  the  area  re- 
mains unoccupied.     It  is  a  high  class  residential  district 
with  numerous  fine  apartment  houses.    The  zoned  area,  con- 
stituting gS  per  cent  of  the  whole,  is       per  cent  residen- 
tial, g  per  cent  commercial,  and  ^  per  cent  industrial.  It 
is  anticipated  that  the  population  of  this  district  will  in- 
crease   to  70,000  by  i960  after  which  little  further  growth 
is  to  be  expected. 

There  are  sewer  outlets  on  Baker,  Pierce,  and  Laguna 
Streets,  all  discharging  directly  at  the  shore.    However,  the 
sewage  flow  is  diverted  from  the  Baker  and  Laguna  Street 
mains  to  the  Pierce  Street  main  while  all  three  are  utilized 
to  carry  the  storm  sewage.     The  steep  slopes  in  the  southern 
half  of  the  area  result  in  high  velocities  and  rapid  concen- 
tration of  storm  flow. 

Baker's  Beach  Sewerage  District 

The  Baker's  Beach  district  is  roughly  rectangular  in 
shape,  two  and  one-quarter  miles  long,  east  to  west,  and  one 
mile  wide  between  the  Presidio  on  the  north  and  Golden  Gate 
Park  on  the  south.     The  eastern  boundary  is  the  ridge,  with 
elevations  of  3OO  to  ^00  feet  above  sea  level,  running  through 
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Laurel  Hill,  Calvary,  and  Masonic  Cemeteries.     The  western 
boundary  is  partly  the  ridge  with  elevation  of  200  to  3OO  feet 
above  sea  level  running  northwest  from  Twenty-sixth  Avenue 
and  Fulton  Street  to  Thirty-eighth  Avenue  and  Clement  Street, 
and  partly  Lincoln  park.     The  northern  boundary  is  the  Presidio 
and  a  short  stretch  of  the  Strait  shore.     The  total  area  is 
1^25  acres  and  the  population  in  I93O  was  66,500.     The  general 
drainage  of  this  district  is  toward  Lobos  Creek  which  forms 
the  southwestern  boundary  of  the  Presidio. 

The  northern  section  of  this  district  occupies  a  bluff 
overlooking  the  Strait  and  contains  some  of  the  finest  homes 
in  the  city.    The  zoned  area,  constituting  97  pei"  cent  of  the 
whole,  is  90  per  cent  residential  and  10  per  cent  commercial. 
This  territory  increased  in  population  50  per  cent  during  the 
decade  I92O  to  I93O  and  it  is  estimated  that  by  196O  it  may 
have  a  further  increase  of  ^5  per  cent  above  the  present  popu- 
lation. 

The  outlet  for  the  sewage  of  this  district  is  an  Ig-inch 
cast  iron  pipe  extending  gOO  feet  into  the  Strait  a  short  dis- 
tance west  of  Lobos  Creek.     This  line  is  broken  in  a  number  of 
places,  allowing  most  of  the  sewage  to  be  discharged  near  the 
shore.     Ordinary  storm  sewage  flows  are  discharged  through  a 
relief  outlet  at  the  shore  and  excessive  flows  through  a  re- 
lief outlet  into  Lobos  Creek  a  shor*  distance  inland.  The 
slopes  of  the  entire  area  are  steep  causing  a  concentration 
of  storm  runoff  in  a  very  short  period  of  time. 
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Mile  Rock  Sewerage  District 

The  Mile  Rock  sewerage  district  embraces  three  rather 
distinct  territories  in  the  western  portion  of  the  city.  The 
West  Richmond  District  includes  the  area  between  the  ridge 
described  as  the  western  boundary  of  the  Baker's  Beach  sewer- 
age district  and  the  Ocean  and  between  Fort  Miley  and  Golden 
Gate  Park.     This  area  averages  one  mile  long,  east  to  west, 
and  three-quarters  of  a  mile  wide,  north  to  south.     The  Sunset 
District  includes  the  area  between  the  main  ridge  line  through 
the  city  and  the  Ocean,  and  between  Golden  Gate  Park  and  the 
old  Rancho  de  la  Merced.     This  area  averages  three  miles  long, 
east  to  west,  and  two  and  one-quarter  miles  wide,  north  to 
south.    A  third  territory  from  which  sewage  is  diverted  in- 
cludes the  area  between  the  main  ridge  line  through  the  city 
and  the  eastern  boundary  of  the  old  Rancho  de  la  Merced.  This 
area  averages  one  and  two-thirds  miles  long,  north  to  south, 
and  one  mile  wide,  east  to  west. 

The  total  area  within  this  district  is  5^4.00  acres  and 
the  population  in  I93O  was  79,000.     The  population  increased 
^5  per  cent  during  the  decade  1920  to  193O.     This  is  the 
residential  area  most  available  for  future  development  since 
less  than  one-third  of  the  area  is  now  built  up.     The  zoned 
area,  constituting  95  per  cent  of  the  whole,  is  zoned  91  per 
cent  residential  and  9  per  cent  commercial. 

The  general  direction  of  drainage  in  the  West  Richmond 
District  is  southward  toward  the  main  trunk  sewer  in  Fulton 
Street.    Most  of  the  drainage  of  the  Sunset  District  is 
northward  toward  a  main  trunk  sewer  in  Lincoln  Way  and  the 
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rest  drains  westward  toward  trunk  mains  near  the  western 
boundary  of  the  District,    The  sewers  from  the  territory  east 
of  the  old  Rancho  de  ]a  Merced  cross  the  Rancho  land,  now 
used  mostly  for  golf  courses,  and  connect  with  the  Sunset  Dis- 
trict system.    The  main  sewer  for  the  entire  Mile  Rock  Dis- 
trict follows  the  line  of  Forty- eighth  Avenue  across  Golden 
Gate  Park,  passes  through  the  ridge  by  means  of  a  tunnel  6000 
feet  long,  and  discharges  at  the  shore  about  one-third  of  a 
mile  west  of  Land's  End  opposite  Mile  Rock  light-house. 

Much  of  the  Sunset  District  is  a  development  of  sand 
dunes  and  the  pervious  soil  may  be  expected  to  permit  the 
rapid  percolation  of  rainfall  and  thus  decrease    the  amount 
of  storm  runoff  to  be  carried  by  the  sewers. 

PROPOSED  SE:;?ERAGE  districts  AND  SYSTEMS 

General  Statement 

The  need  for  the  expansion  of  the  scope  of  the  report  to 
cover  the  various  districts  of  the  city  has  been  discussed. 
The  future  proposed  districts  are  shown  on  Plate  36.  This 
map  shows     five    major  sewerage  districts  covering  the  en- 
tire city  and  including  the  communities  of  Oolma  and  Daly  City 
in  San  Mateo  County,     It  is  to  be  noted  that  a  considerable 
area  now  discharging  into  the  Bay  through  separate  outlets  in 
the  southeastern  part  of  the  city  will  in  the  future  dis- 
charge at  North  Point.     The  distribution  of  the  1^J>0  popu- 
lation in  the  existing  districts  and  in  the  proposed  sewerage 
districts  at  the  year  I96O  is  shown  in  the  following  table: 
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1930  Census  196O  Estimated 

Population  Population  of 

of  Existing  Proposed 

Sewerage  District  District  District 


Southeast 

Visitacion  Valley  kjOOO  19,000 

Hunter's  Point  12,000  36,000 
Islais  Creek  to 

Brannan  Street  25,700    * 

North  Point  3^6,300  625,000 

Marina  Sub-district  6l,000  70,000 
Baker's  Beach  Sub-district  66,500  96,000 

Mile  Rock  79,000  22^^,000 

Southwest     30,000  ** 


TOTAL  6311,500  1,100,000 


*     Included  in  North  Point 

**  Exclusive  of  San  Mateo  County  communities  and  areas 

The  program  of  treatment  and  disposal  recommended  by  the 
Board  proposes  that  ultimately  the  number  of  outlets  for  treat- 
ed sewage  will  be  reduced  to  four,  situated  as  follows; 

1.  At  China  Point,  for  the  flov;  from  Visitacion  Valley; 

2.  At  Hunter's  Point,  for  the  flow  from  the  area  between 

Visitacion  Valley  and  the  North  Point  sewerage 
district  as  ultimately  constituted; 

3.  At  North  Point,  for  the  flow  from  the  North  Point 

district,  including  the  Marina  sub-district; 

^.    At  Mile  Rock  trunk  sewer  outlet,  for  the  flow  from 

the  Mile  Rock  Sewerage  district,  including  the 
Baker's  Beach  ejid  possibly  the  Southwest  dis- 
tricts. 

It  is  possible  that  the  sewage  from  the  Southwest  sewer- 
age district,  after  appropriate  treatment,  however,  will  con- 
tinue to  be  discharged  through  the  Vista  Grande  outlet  sit- 
uated on  the  west  coast  opposite  the  southerly  portion  of  the 
United  States  Military  Reserve,  if  the  flow  is  not  combined 
with  that  of  the  Mile  Rock  sewerage  district. 

The  future  development  of  the  sewerage  systems  in  the 


south-eastern  portion  of  the  city  may  make  it  desirable  to 
combine  the  proposed  China  Point  and  Hunter's  Point  outlets. 

It  should  be  pointed  out  that  it  will  be  necessary  to 
retain  most  of  the  existing  outlets  and  possibly  provide  some 
additional  ones,  for  storm  overflow  discharges. 

QUANTITIES  OF  SmGE  AND  STORI^  SmaE  TO  BE  TREATED 

Basis  of  Design 

The  volume  of  sewage  is  largely  determined  by  the  amount 
of  water  consumption.     The  cool  summer  climate  and  the  ab- 
sence of  spacious  yards  result  in  a  low  average  v;ater  con- 
sumption.    During  the  last  I5  years  the  average  daily  per 
capita  consumption  has  fluctuated  between  "JO  and  &0  gallons. 

Delays  incident  to  authorization  of  funds  for  field 
studies  prevented  long- cent inued  and  acpurate  measure- 
ments of  flov/  prior  to  the  rainy  season.    However,  a  number 
of  measurements  covering  the  ?A  hours  of  the  day  on  different 
days  of  the  Vi/eek  have  been  made  and  have  furnished  a  valuable 
aid  to  judgm.ent  in  determining  the  quantity  of  sewage  for 
which  provision  should  be  made  in  treatment  and  disposal 
works.     The  results  of  these  measurements  are  shown  on  Plates 
37  -  39. 

The  general  use  of  combined  sev^rers  to  carry  both  sewage 
and  storm  water  introduces  complications  in  planning  the 
sewage  disposal  works,    A  runoff  of  0,02  inch  in  depth  in  an 


-31- 


hour  will  cause  a  greater  rate  of  flow  of  storm  water  in  the 
sewer  than  the  average  rate  of  flow  of  sewage  from  an  equal 
area.     Obviously,  provision  can  be  made  in  the  disposal  works 
for  only  a  portion  of  the  storm  water,  if  prohibitive  costs 
are  to  be  avoided. 

The  Board  has  concluded  that  the  practical  limit  in 
the  volume  of  runoff  to  be  provided  for  in  the  sewage  dis- 
posal works  for  any  district  is  0,02  inch  per  hour  in 
addition  to  the  average  rate  of  sewage  flow.     At  times  when 
the  rate  of  sewage  flow  is  less  than  the  average,  a  greater 
volume  of  storm  runoff  can  be  accommodated.     Provision  for 
this  quantity  will  prevent  storm  discharges  at  the  shore 
from  many  of  the  lighter  rains  and  will  reduce  the  period 
of  discharge  of  some  of  the  more  intense  rains.  Quantities 
in  excess  of  those  -orovided  for  will  require  discharge  of 
the  excess  through  overflow  structures.     Reasons  for 
departure  from  this  specific  quantity  of  0.02  inch  per 
hour  for  individual  districts  will  be  noted  in  the  later 
discussions. 


THE  SEWAGE  DISPOSAL  PROBLEM 

Existing  Conditions. 

The  general  plan  now  in  use  provides  for  the  discharge 
of  the  sewage  at  or  near  the  shore  line.     Some  sev/age  con- 
tinues to  be  discharged  into  open  channels  through  ¥;hich  it 
flows  to  the  shore  waters,  as  for  example  Islais  Creek.  The 
only  attempt  at  offshore  discharge  is  at  Baker's  Beach  where 
the  purpose  has  become  frustrated  by  breaks  in  the  subaqueous 
outlet  pipe. 

There  are  three  direct  unfavorable  results  of  this 
practice.     One  of  the  most  repulsive  and  in  fact  dangerous, 
because  of  the  opportunity  for  infection  of  recreat ionists 
who  frequent  the  beaches,   is  the  stranding  of  floating  sewage 
matter  upon  the  beaches.    While  a  large  proportion  of  such 
materials  is  carried  away  by  the  currents,  nevertheless 
large  quantities  are  driven  ashore  and  become  stranded  as 
the  tide  recedes. 

All  seivage  contains  bacteria,  some  of  which  may  be 
pathogenic  or  disease-causative.     That  the  shore  waters  in 
many  places  are  seriously  polluted  is  obvious  from  an 
inspection  of  the  waters  and  shores  in  the  vicinity  of  the 
sewer  outlets. 

Samples  of  shore  vvaters  taken  weekly  during  the  period 
February  6,  1933  -  February  7,  193^,  at  Ig  stations  more  or 
less  uniformly  spaced  along  the  north  and  west  shores  of  the 
city  were  analyzed  to  determine  the  quantitative  presence  of 
organisms  of  the  B.   coli  group.     These  organisms  are  tj^pical 
of  sewage  and  demonstrate  contamination  thereby.     They  serve, 
furthermore,  to  indicate  potential  infection.      The  results 
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are  shown  on  Plate  40. 

Serious  bacterial  contamination  was  demonstrated  at 

all  points,  particularly  along  the  north  shore  eastward  from 

Point  Lobos,      Throughout  that  section  the  studies  have  shown 

average  numbers  of  B,  coli  as  follows,: 

in  excess  of  1  per  cc,  99^  of  the  time. 

II       II          II  ]_o     II       II  87^     II     II  II 

II       II          II  100     "       "  57^    "     "  " 

"       "          "  1000     "       "  40^    "     "  " 

South  of  Point  Lobos,  along  the  ocean  shore,  the 

average  numbers  of  B,  coli  v/ere: 

in  excess  of  1  per  cc,  76^  of  the  time, 

II     II          II  10     II       II  30^    "     "  " 

II     II          It  100     "       "  9%     "     "  " 

"     "          "  1000     "       »  dfo     "     "  " 

In  tv7o  localities,  namely  along  Baker's  Beach  and 
Crissy  Fields  at  the  extreme  limits  of  the  Presidio,  respect- 
ively, the  most  serious  degree  of  contamination  was  found. 
Here  the  numbers  of  B,  coli  were: 

in  excess  of      10  per  cc,  100^  of  the  time, 
II       II  II       100     «       "        87^     »     »  " 

II       II  II     1000     "       "        72fo     n     "  " 

Further  tests  Vi^ere  made  during  this  investigation. 
They  confirmed  those  just  described  in  indicating  the  points 
of  gross  bacterial  contamination.      For  example,  about  half- 
ebb  tide  on  September  24,   1934,  it  appears  that  the  sewage 
from  the  North  Point  outlet  at  Pier  37  was  being  carried  v^rest- 
ward  in  the  shore  waters  and  caused  a  high  degree  of  contami- 
nation at  least  as  far  as  the  Marina.      See  Plate  41, 
Corresponding  results  were  obtained  betv/een  Mile  Roolc  outlet 
and  Baker's  Beach,      S^e  Plat®  ^2. 
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In  explanation  of  the  Insanitary  conditions  found  to 
exist,  it  may  be  stated  that,  generally  speaking,  the  tidal 
currents  in  and  out  of  G-olden  G-ate  Strait  are  parallel  to 
the  shore  line  and  that  the  strength  or  velocity  of  the  cur^- 
lent  increases  with  the  distance  from  shore.      Thus  it  becomes 
apparent  that  sewage  discharged  at  the  shore  tends  to  follow 
the  shore  rather  than  to  overcome  the  sv^ifter  currents  and 
flov/  out  into  the  channel.      Hence  the  currents  tend  to  carry 
the  sewage  along  shore  and  to  prevent  it  from  becoming  dif- 
fused in  the  great  volume  of  clean  water  relatively  near  at 
hand. 

The  travel  of  the  sewage  carried  by  the  currents,  of 
course,   is  first  one  way  and  then  the  other,  reversing  its 
direction  with  each  change  in  the  direction  of  the  tidal  cur^ 
lent . 

At  times  of  relatively  slack  water,  which  are  brief 
at  San  Francisco,  there  may  be  some  slight  opportunity/  for 
sedimentation  of  the  finer  organic  sewage  solids,  but  con- 
ditions are  such  that  if  the  coarser  solids  are  removed, 
little  deposition  is  likely  to  take  place  except  in  slips, 
as  between  Piers  37  and  39,  and  other  areas  protected  from  " 
the  stronger  currents.      Such  deposits,  if  any,  which  may  be 
formed  t emporarlly  offshore  undoubtedly  w ould  be  quickly 
scoured  away  by  succeeding  sv/ift  tidal  currents. 

The  v/ind  has  an  important  influence  upon  shore  pollu- 
tion, especially  by  floating  materials  and  suspended  particles 
of  sewage  origin.      An    inshore  wind,   even  though  having  an 
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intenslty  of  only  10  -  20  miles  an  hour,  will  set  up  o.n- 
shore  surface  currents.      For  example,  a  wind  velocity  of  10 
miles  per  hour  will  induce  a  surface  current  having  a 
velocity  of  about  30  feet  per  minute  and  a  20-mile  vjind  a 
resulting  surface  current  of  approximately  40  feet  per  min- 
ute.     At  times  of  relatively  slack  water,  particularly,  such 
Induced  currents  may  carrjr  floating  and  suspended  materials 
to  the  shore  waters  and  beaches.      At  other  times  also,  the 
resultant  of  the  wind-driven  surface  current  and _ the  tidal 
current  will  carry  such  objects  toward  the  shore. 
Dilution  as  a  Final  Agent  in  Disposal 

With  such  an  abundant  supply  of  diluting  water  so 
readily  available  as  shovm  in  the  discussion  of  tides  and 
tidal  currents,  it  is  obvious  that  its  value  for  this  purpose 
should  be  utilized  as  fully  as  is  economically  possible. 

The  specific  gravity  of  sea  water  is  greater  than  that 
of  sewage,  which  is  principally  land  or  fresh  water;  hence, 
the  lighter  sewage  will  rise  to  the  surface  if  discharged 
under  sea  v/ater.    In  traveling  through  the  sea  water  diffusion 
takes  place. 

As  the  depth  at  v/hich  the  sewage  is  discharged  beneath 
the  surface  of  the  sea  increa.ses,  the  amount  of  diffusion, 
v^hich  takes  place  before  it  reaches  the  surface  increases. 
Therefore,  the  greater  the  depth  at  which  the  sewage  is  dis- 
charged,, the  greater  will  be  its  corresponding  initial 
dilution. 
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A  swiftly  moving  current  sweeping  past  a  submerged 
outlet  imparts  a  horizontal  component  to  the  path  of  the 
relatively  light  rising  sewage  and  thus  increases  the  length 
of  travel  to  the  surface.      This  obviously  increases  the 
dilution  at  the  surface  and  improves  the  effectiveness  of 
the  outlet  in  this  respect. 

It  has  long  been  recognized  that  dilution  is  improved 
by  discharging  a  definite  quantity  of  sewage  through  many 
outlets  rather  than  through  a  single  outlet.      To  secure 
the  greatest  advantage  of  a  diffusion  area,  the  outlets 
should  be  placed  far  enough  apart  to  minimize  or  avoid  inter- 
ference .  between  the  rising  streams  of  sewage  from  adjacent 
outlets. 

In  still  v/ater  the  relatively  light  sev/age  will  overlie 
the  heavier  sea  v/ater  in  a  definite  stratum  at  the  surface. 
Agitation  of  the  surface  by  tidal  and  Virind  currents  will  tend 
to  break  up  this  stratification  and  increase  the  dilution. 

In  considering  the  travel  of  sev/age  from  a  submerged 
outlet^  v/ind-induced,  as  well  as  tidal  currents,  must  be 
taken  into  account,  as  already  suggested. 

Under  the  local  conditions,  v/ith  a  viev/  to  utilize 
most    advantageously  , in  so  far  as  is  reasonably  practicable, 
the  diluting  capacity  of  the  available  waters,  it  v/ill  be 
advisable  to  discharge  the  sewage  effluent  at  any  dispersion 
area  through  a  well  designed  system  of  nozzles.     Outlet  pipes, 
if  provided  at  North  Point  and  at  Mile  Rock,  should  be  carried 
to  water  at  least  50  feet  below  mean  lower  low  water. 
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Sov/age  effluent,   if  discharged  in  this  manner,  will 
be  diffused  effectively  during  its  passage  to  the  surface 
and  v/ill  be  carried  away  by  the  tidal  currents.    The  finely 
divided  and  dissolved  sewage  substances  thus  liberated  will 
furnish  food  for  fish  and  smaller  living  organisms  including 
the  bacteria  present  in  such  waters.     In  this  manner  the 
organic  substances  will  become-  oxidized,  innocuous,  and 
harmless • 

Required  Degree  of  Treatment  of  the  Sewage 

If  financially    feasible      to  provide  the  necessary 
outlet  pipes  to  suitably-located  diffusion  areas ,  relatively 
little  treatment  of  the  sewage  v/ill  be  required  as  compared 
with  that  necessary  at  places  less  advantageously  situated. 
The  treatment  necessary  will  be  only  that  required  to  remove 
from  the  sewage  before  its  discharge  as  much  as  practicable j 

(1)  of  the  floating  matter  which  causes  unsightly 
and  offensive  sewage  and  sleek  field.s  and  fouling 
of  shores, 

(2)  of  the  coarse  suspended  solids  which  pollute  the 
shore  v/aters  and  litter  the  beaches,  and 

(5)  of  the  bacterial,  content  when  and  as  found  neces- 
sary to  maintain  the  ghore  waters  in  safe  condi- 
tion for  bathing,  wading,  and  other  recreational 
uses. 


TRSATl^EMT  AND  DISPOSAL  OF  SgvVAGS  OF  THE  SOUTHEAST  SEIVERAGE  DISTRICT 

General  Program 

The  City  proposes  to  reconstruct,  at  some  time  in  the 
future,  the  sewerage  system  of  the  Southeast  district  to 
concentrate  the  discharge  of  se7/age  into  the  Bay  at  two  outlets. 
The  following  is  a  brief  outline  of  the  plan.      The  area  and 
population  figures  given  below  do  not  take  into  consideration 
present  tide  lands  eventually  to  be  filled  ini,  to  the  south  and 
north  of  Hunter's  Point. 

The  sev/age  from  Visitacion  X''alley  with  an  area  of  850 
acres,  and  an  estimated  population  of  19,000  in  I96O,  will  be 
collected  and  discharged  into  the  Bay  at  a  single  point  near  the 
present  outlet,  after  such  treatment  as  it  may  require. 

The  area  now  served  by  the  Yosemite  Avenue  outlet  will 
be  sewered  with  a  new  separate  system,  the  sewage  from  v^hich 
will  be  pumped  into  the  Hunter's  Point  main.      The  existing 
system  with  the  present  outlet  v/ill  be  utilized  for  storm  water. 

The  sewage  and  storm  v/aters  now  discharged  at  Palou  Avenue 
will  be  carried  by  gravity  through  a  tunnel  3,000  feet  long, 
under  the  line  of  Fitch  Street  to  connect  ¥Jith  the  proposed 
extension  of  the  Hunter's  Point  main. 

The  Hunter's  Point  main  will  be  extended  along  Evans 
Avenue  to  the  Bay  where  a  treatment  plant  may  be  built  south 
of  the  dry  docks  and  from  which  an  outlet  pipe  may  be  extended 
into  the  Bay,      This  plan  will  provide  for  the  discharge  off 
Hunter's  Point,  after  such  treatment  as  may  be  required,  of  the 
sewage  from  Yosemite  Avenue  district,  and  the  sev/age  and  storm 
sewage  from  the  Palou  Avenue  and  Hunter's  Point  districts,  and 
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also  from  a  part  of  the  present  area  draining  from  the  south 
into  Islais  Creek  Channel, 

The  total  area  tributary  to  the  future  Hunter's  Point 
outlet  will  be  2200  acres  with  an  estimated  population  of 
66,000  in  i960.      Float  studies  made  by  0.  E.  Grunsky  in  1^99 
led  him  to  consider  Hunter's  Point  an  advantageous  location 
for  an  outfall  because  of  favorable  depth  and  currents. 

For  the  remainder  of  the  present  Southeast  district, 
it  is  proposed  to  construct  a  separate  sewerage  system  and 
to  pump  the  sewage  into  the  North  Point  main.      This  portion 
of  the  district  extends  from  the  future  Hunter's  Point  district 
north  to  Howard  Street  and  comprises  an  area  of  2275  acres  with 
an  expected  population  of  ^4-5,000  in  I96O, 

The  projected  plan  would  eliminate  the  discharge  of  all 
sewage  into  Islais  Creek  Channel  and  The  Channel,  leaving  only 
storm  Water  to  be  discharged  from  the  existing  outlets.  The 
net  result  of  the  proposed  development  y/ill  be  to  prevent  dis- 
charge of  sewage  into  the  Bay  south  of  Market  Street  except 
at  Hunter's  Point  and  Visitacion  Valley  where  outlet  conduits 
can  be  built  to  provide  for  discharging  the  sewage,  after  it 
shall  have  been  treated  as  found  to  be  necessary. 

TREATMENT  AND  DISPOSAL  OF  THE  SEl?AaE  OF  THE  NORTH  POINT  AND 
.  MARINA  SE^YEBAaE  DISTRICTS  

General  Prop: ram 

The  plan  recommended  herein  for  disposal  of  the  sewage 
from  the  North  Point  and  Marina  sewerage  districts  provides 
for    its  dischargein  deep  water  v;ell  offshore,  after  the  coar- 
ser floating  and  suspended  sewage  solids,  together  with  oil 


and  grease,  shall  have  been  removed  in  order  that  wind-driven 
surface  currents  may  not  carry  such  matter  to  the  shore 
Waters  and  that  freedom  from  deposits  may  be  assured. 

Float  tests  made  September  5,  23,  and  2^,  193^> 
clearly  indicate  that  treated  sewage,  discharged  as  proposed, 
will  be  carried  away  without  danger  of  polluting  the  shore 
Waters;  whereas  similar  tests  made  Augiast  31  and  October  9> 
193^>  just  as  clearly  indicate  that  if  the  sewage  were  to  be 
discharged  at  the  pier  head,  the  shore  waters  would  be 
polluted. 

Assumed  Basic  Data 

The  assumed  data  upon  which  preliminary  designs  and 
estimates  of  cost  for  the  treatment  and  disposal  of  the 
sewage  are  based,  are  as  follows: 

Basic  Quantitative  Design  Data  for  the 
North  Point  and  Marina  Sewerage  Districts 

Populations  Year  1930  Year  19  60 


North  Point 


i+13,500  (a) 


625,000 


Marina  (b) 


70,000 


go, 000 


(a)  Actually  contributory  3^6,300 

(b)  Including  the  Presidio  and  Fort  Mason 


Estimated  Sewage  .  Flovj  Quantities 


North  Point,  average  rate,  g.c.d,  -  100 

Marina,  "  "  "  4  115 

North  Point,  raaxlmum    "  "  -  150 

Marina,  "  "  "  -  230 

North  Point,  ultimate  average  rate,  m*g.d,  -  69 
Marina                  "               "          "  "        -  9 

North  Point,        "         maximum    "  "        -      93  * 

Marina,  "  "  "  "        -      23  (c)^^' 


*    These  volumes  combined  for  plant  and  outlet  pipe  design 

at  120  m.g.d. 
(c)  Including  some  storm  water. 

Sewage  from  Marina  Sewerage  District 

As  described  later,  the  s  ev/age  from  the  Marina  sewer- 
age district  will  be  convoyed  to  the  North  Point  treatment 
plant,  thus  increasing  the  ultimate  average  sewage  discharge 
at  this  point  about  15  per  cent.     Because  of  the  allowance 
for  some  storm  v/ater  from  the  Marina  district  but  none  from 
the  North  Point  district,  the  increase  at  times  of  maxlmuEi 
rate  of  flow  will  be  about  25  per  cent  in  the  volume  to  be 
treated  and  discharged  through  the  outlet  pipe. 

Storm  flows  originating  in  the  North  Point  sewerage 
district,  in  excess  of  the  capacity  of  the  plant,  will  be 
diverted  through  the  storm  overflovjs  at  Hov^rard  Street,  at 
Jackson  and  Commercial  Streets,  and  at  G-reenwich  Street, 
It  should  be  pointed  out,  however,  that  on  the  average  the 
treatment  plant  and  outlet  pipe  will  have  an  excess  capacity 
of  49  million  gallons  a  day,  equivalent  to  69  per  cent  of 
the  average  sewage  flow,  available  for  caring  for  an  excess 
flow  of  storm  sewage  under  conditions  assumed  to. exist  in 
1960,  and,  prior  t o  that  time,  considerably  more. 
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Submerg:ed  Outlet  Pipe 

A  submerged  outlet  pipe  will  carry  the  effluent  from 
the  North  Point  sewage  treatment  plant  into  the  Bay.  The 
pipe  may  be  placed  under  Pier  37  ox  in  the  slip  between 
Piers  37  and  3°.     The  latter  location  appears  preferable. 
Its  internal  diameter  will  be  about  72  inches  for  a  maximum 
rate  of  flow  of  120  million  gallons  a  day. 

The  United  States  Army  Engineers '  requirements  at 
North  Point  are  stated  to  be  that  "the  pipe  beyond  the  pier 
head  line  and  all  protruding  parts  such  as  nozzles,  must 
be  50  feet  below  mean  lower  low  water. " 

Plate  kj)  shows  the  profiles  of  the  bottom  of  the 
bay  on  alternate  lines  for  the  proposed  outlet  pipe:  one 
beneath  and  beyond  Pier  37  parallel  to  its  center  line; 
the  other  in  and  beyond  the  slip  between  Piers  37  and 
39»    On  these  lines  the  soundings  are  shown  to  points 
approximately  2,500  feet  out  from  the  bulkhead  line. 

It  is  proposed  to  extend  the  outlet  pipe  approxi- 
mately 2000  feet  from  the  bulkhead  line  where  the  depth 
of  water  is  60  feet  below  mean  lower  low  water.     This  will 
provide  for  the  required  depth  of  ^0  feet  over  the  highest 
obstruction  due  to  backfill  around  the  pipe  and  to  the 
diffusing  nozzles.     It  is  assumed  that  a  trench  will  be 
dredged  from  the  shore  so  that  the  top  of  the  pipe  line 
will  be  at  least  50  feet  below  mean  lower  low  water. 

Soundings  shown  on  the  United  States  Coast  and 
G-eodetic  Survey  chart  indicate  hard  sand  about  J),000  feet 
to  the  east  of  the  location  of  this  pipe  and  broken  shells 
about  1,000  feet  to  the  v/est. 
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While  tho  tidal  currents  in  this  vicinity  arc  sv/ift, 
there  docs  not  appear  to  be  sufficient  ground  swell  to  prevent 
the  use  of  floating,  equipment  in  building  this  structure. 
It,   therefore,   is  planned  to  dredge  a  trench,  place  the. pipe, 
and  backfill  over  the  pipe,  all  from  floating  equipment. 

Beginning  at  a  point  about  1,800  feet  offshore,  the 
pipe  will  be . divided  into  branching  lines  of  gradually  re- 
ducing sizes.     The  sewage  will  be  discharged  through  a  number 
of  nozzles  placed  in  these  lines,      Tho  distributing  pipes 
will  be  protected  to  prevent  undercutting  by  the  current. 

Before  proceeding  with  the  detailed  design  of  this  pro- 
ject, borings  should  be  made  along  the  line  of  the  proposed 
outlet  pipe  in  order  to  determine  the  character  of  the  material 
in  which  the  pipe  will  be  laid  and  the  need,  if  any,  for  sup- 
porting the  pipe  on  piles.      Such  borings  vvill  disclose  any 
probability  of  encountering  rock  at  the  depth  of  the  proposed 
excavation. 

The  estimated  construction  cost  of  this  outlet  pipe, 
incluc-i-fig  engineering  and  cent ingencies ,   is  1^00,000. 

Site  for  Pumping  Station  and  Treatment  Plant 

While  the  tentative  layout  for  a  pumping  station  and 
treatment  plant  is  shown  on  Plate  44  as  utilizing  Blocks 
34  and  35,  other  land  in  the  vicinity  v/ould  be  suitable. 

Even  though  funds  are  not  available  for  constructing 
the  pumping  station  and  treatment  plant,  it  7>rould  be  advisable 
to  purchase  a  site  for  these  works  as  soon  as  possible. 


Pumping;  Station 

The  scv/crs  v/hich  converge  to  North  Point  discharge  by 
gravity.      When  provision  is  made  for  the  treatment  of  the 
sewage  as  herein  recommended  and  for  the  discharge  of  the 
effluent  through  a  submerged  pipe  line,  about  2,000  feet  from 
the  bulkhead  line,  it  will  be  necessary  to  pump  the  sevrage. 
Accordingly,  a  pumping  station  has  been  planned  with  multiple 
pumping  units  suitable  .  for  pumping  the  variable  flov^^  in  the 
most  economical  manner,    A  tentative  layout  of  the  pumping 
station  and  administration  building,  made  for  cost  estimating 
purposes,  is  shovm  on  Plate  44. 

Treatment  Plant 

The  sewage  will  be  passed  through  tv/o  sots  of  bar 
scrc'ens  or  racks,  one  manually  and  one  mechanically  cleaned, 
and  will  then  flow  through  grit  chambers .wherein  coarse  and 
heavy  mineral  detritus  will  be  deposited.    From  the  grit  cham- 
bers the  sewage  will  pass  through  Venturi  measuring  flumes 
whereby  its  volume  will  be  indicated  and  recorded. 

The  sewage  leaving  the  Venturi  flumes  will  pass  through 
aeration  channels  in  v/hich  it  will  be  aerated  for  a  period 
of  at  least  five  minutes  at  the  design  capacity  of  120  mill- 
ion gallons  a  day.     This  aeration  is  to  be  provided  as  an  aid 
to  the  separation  of  the  grease  from  the  sev/age. 

From  the  aeration  channels  the  sewage  will  pass  into 
skimming  basins  through  vvhich  it  v/ill  flov/  slowly  and  be 
detained  for  a  period  of  at  least  ten  minutes  to  permit  oil 
and  grease  to  rise  to  the  surface  from  which  it  will  be  skimm- 
ed more  or  lees  continuously,    ,Tne  basins  v/ill  be  equipped 
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with  moving  skimmers  which  v/ill  collect  the  oil  and  grease 
and  deliver  this  material  to  a  suitable  outlet  v/hence  it  will 
be  delivered  to  the  incinerator*      Any  solids  which  may  settle 
in  these  tanks  v/ill  be  collected  by  traveling  scrapers  and 
this  sludge  will  be  pumped  into  the  outflowing  sev/age  to  be 
passed  through  the  fine  screens  later  described. 

The  effluent  from  the  skimming  basins  v/ill  flow  to  a 
battery  of  fine  screens  having  slots  about  1/16-inch  by 
2-inches  in  size.      By  means  of  these  screens. the  coarser 
suspended  and  floating  solids  will  be  removed.      From  the 
screens,  the  sewage  will  pass  to  the  outlet  pipe  and  be  dis~ 
charged  as  previously  described. 

The  screenings,  skimmings,  and  grit  will  be  incinerated 
in  a  high  temperature  incinerator  which  will  reduce  them  to 
mineral  ash,  without  the  escape  of  objectionable  odors. 

Provision  is  made  in  the  pumping  station  for  adminis- 
trative and  laboratory  quarters.      It  is  proposed  to  cover, 
or  house,  all  sev/age  treatment  structures  and  make  suitable 
provisions  for  ventilation, 

A  provisional  layout  of  the  treatment  plant  and  sections 
through  the  principal  structures  are  presented  on  Tlate  4:4:, 
Estimates  of  Cost 

The  construction  cost  of  this  project,  including  en- 
gineering and  contingencies,  is  estimated  as  follows: 

Purchase  and  preparation  of  site  $600,000 

Pumping  station  and  treatment  plan>t, 
Y/ith  necessary  changes  in  and 
connections  to  existing  sewers  1,250,000 

Outlet  pipe,  including  diffusion 

system  400,000 

TOTAL  $8,250,000 


THE  BilARINA  SSWERAOE  PROJECT 

Proposed  Solution  of  the  Problem 

Disposal  of  the  sewage  from  the  Marina  district  may  be 
accomplished  in  one  of  two  ways;  either  by  treatment  v/ithin 
the  district  with  discharge  of  the  effluent  through  a  suitable 
outlet  pipe  extending  into  G-olden  G-ate  Strait,  or. by  pumping 
the  sov\rage  to  another  outlet  outside  the  district. 

Any  plan  for  disposing  of  the  sewage  of  this  district 
should  provide  for  the  ultimate  estimated  population  of 
70,000  and,  in  addition  thereto,  a  population  of  10,000  in 
the  Presidio  and  Fort  Mason, 

If  the  sev/age  from  the  Marina  district  should  be  treat- 
ed within  the  district  the  most  logica.l  location  topographical- 
ly for  a  treatment  plant  would  be  somewhere  in  the  flat  area 
bordering  the  Strait,  although  less  favorable  sites  exist 
somewhat  back  from  the  shore,      A  location  at  the  extreme 
northwest  corner  of  the  district  v;ould  seem  most  favorable, 
either  just  inside  Presidio  property  or  just  east  of  Lyon 
Street  in  the  park.      It  has  not  been  considered  possible  to 
secure  permission  to  utilize  Presidio  property.    Any  proposal 
to  construct  a  treatment  plant  above  ground  in  the  park,  even 
though  completely  housed  and  architecturally  attractive,  would 
be  likely  to  arouse  opposition  as  an  undesirable  encroachment 
upon  the  park  area  at  its  most  useful  location,  as  an  obstruct- 
ion to  view,  and  as  a  possible  cause  of  property  depreciation. 
Even  a  plant  constructed  completely  underground,  involving 
greater  first  cost  and  cost  of  operation,  v/ould  eliminate 
only  part  of  the  possible  objections. 
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In  the  Preliminary  Report  a  surface  plant  v/as  estimated 
to  cost  $470,000  and  an  underground  plant  $700,000.  To  either 
sura  would  have  to  be  added  the  cost  of  a  suitable  outlet  pipe. 
The  probable  objections  to  such  a  plant  combined  v/ith  its  high 
cost  have  led  to  the  recommendation  of  another  solution  of 
this  problem. 

It  has  been  found . practicable  to  convey  the  sewage  to 
the  North  Point  district.      Topographically  the  chief  obstacle 
is  the  high  ground  occupied  by  Fort  Mason.      Hov/ever,  it  is 
possible  to  utilize  the  Bolt  Line  Railroad  tunnel,  placing 
the  pipe  at  the  bottom  in  one  corner,  and  s  till .  maintain  the 
clearances  required  by  the  Railroad  Commission,  Utilizing 
this  tunnel  will  save  pumping  over  a  considerably  higher 
elevation,  or  constructing  another  tunnel  under  Fort  Mason. 
The  summit  on  this  line  v/ill  be  at  elevation  12,  city  datum, 
at  the  west  end  of  the  tunnel.      The  static  lift  will  be  25 
feet.      The  operating  heads  will  vary  from,  30  to  70  feet  for 
discharges  varying  from  1.5  to  25  million  gallons  a  day. 

It  is  important  that  the  sewage  from  the  three  outlets 
serving  Fort  Mason  and  the  five  outlets  serving  the  Presidio 
should  not  be  discharged  at  the  shore  as  at  present.     It  can 
be  diverted  and  conveyed  to  the  Marina  system.    Permission  for 
such  diversion  has  been  included  in  the  proposed  agreement 
v/ith  the  War  Department  granting  authority  to  the  City  to 
lay  the  proposed  force  main  in  the  tunnel  through  Fort  Mason. 
The  City  should  urge  the  Federal  G-overnment  agencies   to  pro- 
vide promptly  for  such  diversion  of  this  sewage. 


Assumed  Basic  Data 

The  assumed  data  upon  v/hich  preliminary  designs  and 
the  estimates  of  cost  of  this  project  have  been  prepared, 
are  as  follows: 

population  1930,   including  the  Presidio  and 


Fort  Mason  70,000 

"  for  design,       "  "  "  80,000 

Sev/age  flov/,  average  rate,  g.c.d,  115 

"        "        maximum      "        "  S30. 

"        "        average,  for  design,  m.g.d,  9«2 

"        "        maximum      "      "  "  18,4 

Storm  run-off,  O.OS  inch  per  hour  from 

1043  acres,  m.g.d,  13«5 

Allowance  for  design;  maximum  volum.e 

equivalent  to  average  sewage 

flovf  plus  storm  run-off,  m,g,d,  29,7 
Sav,  n  23 


Characteristics  of  Sewage 

Plate  45  shows  the  characteristics  of  the  sev/age  of 
this  district  as  determined  by  the  analysis  of  samples  coll- 
ected at  a  point  representing  approximately  60  per  cent  of 
the  total  population.      The  samples  were  collected  hourly  on 
tv;o  representative  days  of  the  week  during  the  dry  season 
of  the  year. 

Diversion  to  North  Point  District 

The  project  recommended  includes  the  following 
features : 

(1)     A  diversion  structure  in  the  Pierce  Street  sev;er, 
north  of  Marina  Boulevard,  v/ith  such  repairs  in 
that  sewer  as  may  be  necessary. 
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(2)  A  short  diversion  sewer  with  suitable  control 
valves  leading  to  a  suction  well. 

(3)  An  underground  pumping  station  with  suction  well, 
pump  pit,  utility  rooms,  and  equipment  comprising 
principally  pump  units  and  appurtenances, 
piping,  switchboard,  etc. 

W    A  Venturi  meter  and  meter  chamber  just  outside 
the  pumping  station, 

(5)    A  30-inch  force  main  approximately  9^00  feet  in 
length  in  Marina  Boulevard  to  and  through  the 
tunnel  beneath  Fort  Mason,  thence  skirting 
Aquatic  Park  and  along  Jefferson  Street  and  The 
Bnbarcadero  to  a  junction  with  the  Beach  Street 
sewer  with  outlet  in  the  slip  between  Piers  37 
and  39. 

This  project  will  obviate  the  necessity  for  the  con- 
struction of  a  treatment  plant  in  the  Marina  district  with 
the  attendant  disadvantages  already  mentioned,  v/ill  save 
considerable  cost,  thus  permitting  immediate  construction 
with  funds  now  available,  will  transfer  sewage  to  a  location 
where  less  complete  treatment  will  be  required  in  the  future, 
will  not  appreciably  aggravate  present  conditions  at  Pier  37 
owing  to  the  relatively  small  volume  of  sev/age  added,  and 
will  permit  its  ultimate  discharge  through  the  North  Point 
outlet  pipe  at  a  more  favorable  location  for  disposal  as 
indicated  by  float  studies. 

Plate  ^6  shows  a  tentative  layout  of  the  proposed 
pumping  plant  showing  inlet  and  outlet  piping  arrangements 
and  typical  sectional  elevations. 
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Plate  ^7  has  been  prepared  to  show  the  location  of  the 
force  main  from  the  pumping  station  near  the  Yacht  Harbor  to 
a  point  of  connection  with  the  existing  Beach  Street  sewer  on 
The  Embarcadero  opposite  the  slip  between  Piers  37  ~  39* 

Construction  Post  Estimates 

The  estimated  construction  cost  of  this  project,  including 
eiigineering  and  coat ingenciss,  is  as  follows: 


TREATMENT  AND  DISPOSAL  OF  THE  SEVl'AaS  OF 
THE  BAKER^S  BEACH,  RIQHMOIID,  AND  SUNSET 
DISTRICTS  DESIGNATED  THE  MILE  ROCK  sr^^ERAGE 

DISTRICT. 

The  Problem  of  a  Treatment  Plant  Site 

At  the  outset  it  was  assumed  that  the  treatment  of  sewage 
from  the  Baker's  Beach  district  would  be  conducted  at  a  plant 
on  or  in  the  vicinity  of  the  Presidio  and  near  the  mouth  of 
Lobes  Creek,  as  contemplated  in  the  Preliminary  Report,  The 
early  conclusion  of  the  Board  was.  that  the  only  practicable 
location  for  such  a  plant  was  inside  the  Presidio. 

A  possible  location  just  outside  the  Presidio  is  partly 
occupied  by  fine  homes  and  adjoins  a  high-class  residential 


Pumping  Station 

Force  main,  repairs  to 

existing  Pierce  Street 

sewer 


$120,000 


132,000 


TOTAL 


$252,000 
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district.    Adjacent  to  the  shore  line  the  slope  is  steep  v/ith 
perpendicular  cliffs  dropping  to  the  water's  edge.     To  acquire 
the  requisite  area  for  a  plant,  to  destroy  the  existing  inh- 
provements,  and  to  prepare  a  plant  site  by  constructing  re- 
taining walls  and  by  grading,  would  entail  a  prohibitive  ex- 
penditure and  make  the  plant  construction  from  the  present 
bond  funds  out  of  the  question. 

Prior  to  the  appointment  of  the  Board, permission  had 
not  been  secured  by  the  City  from  the  War  Department  to  make 
surveys  to  determine  the  best  location  of  a  plant  within  the 
Presidio,     In  order  to  secure  this  permission,  if  possible,  a 
conference  was  arranged  between  the  Board  and  Major  General 
Craig,  commanding  the  Ninth  Corps  Area,  and  his  staff.  At 
the 'conclusion  of  that  conference.  Major  General  Craig 
announced  that  he  would  make  his  decision  only  after  presen- 
tation of  a  plan  of  the  contemplated  works  together  with  a 
description  of  the  proposed  method  of  operation.     These  were 
prepared  in  considerable  detail  and  presented  to  him.  The 
request  was  denied. 

The  action  of  Major  General  Craig  left  only  two  alter- 
natives. One  was  to  attempt  to  secure,  by  Congressional  action, 
pennission  to  proceed  with  the  construction  of  the  proposed 
works  in  the  Presidio;  the  other  one  v;as  to  convey  the  sewage 
from  the  Baker's  Beach  district  to  some  location  outside  the 
Lobos  Creek  drainage  area  for  treatment  and  disposal.  Appeal 
for  Congressional    action  did  not  offer  im.mediate  or  even 
reasonable  likelihood  of  favorable  action  and  the  delay  might 
result  in  the  defeat  of  the  plan  for  construction  of  the  plant 
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as  a  PWA  project.     The  alternative  course,  therefore,  was 
adopted,  and  a  study  was  undertaken  of  the  possibility  of 
locating  a  suitable  treatment  plant  elsewhere  to  which  the 
sewage  from  the  Baker's  Beach  district  might  be  carried. 

The  only  other  location  along  the  Golden  Gate  Strait 
where  an  area  of  sufficient  size  for  a  plant  might  be  de- 
veloped was  near  Land's  End.     A  sewer  6,000  feet  long,  mostly 
in  tunnel,  could  carry  the  sewage  by  gravity  from  the  Baker's 
Beach  District  to  this  location.     A  force  main  could  also  be 
constructed  thereto  from  a  pumping  plant  situated  at  the  Mile 
Rock  outlet.     Thus,  treatment  at  some  future  date  of  the 
sewage  from  the  Baker's  Beach  district  and  the  Richmond- Sunset 
district  could  be  made  possible  in  a  single  plant,  with  subse- 
quent disposal  through  a  single  outlet  pipe. 

Superficially,  the  area  showed  definite  and  wide^-spread 
evidence  of  slides.     In  order  to  determine  how  serious  these 
conditions  might  be,  the  Board  requested  the  City  to  secure 
the  opinion  of  a  geologist.     Accordingly  Thomas  V.  Reeves, 
Geologist,  was  retained,  and  he  made  a  careful  investigation 
and  rendered  a  report  in  which  he  summarized  his  conclusions 
as  follows: 

"I  consider  the  site  at  Land's  End,  in  view 
of  the  data  now  available,  as  not  suited  for  the 
proposed  plant  and  tunnels,  and  recommend  that 
further  consideration  of  this  site  be  dropped, 
unless  definite  proof  of  its  fitness  is  submitted." 

His  report  is  reproduced  in  its  entirety  in  Appendix  2. 
Pursuant  to  this  advice,  the  Board  abandoned  the  idea  of 
locating  a  plant  along  the  shore  of  the  Golden  Gate  Strait. 
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The  Board  next  gave  consideration  to  the  possibility  of 
conveying  the  sewage  southwesterly  to  a  treatment  plant  site  in 
or  adjacent  to  Golden  Gate  Park,  being  influenced  in  a  measure 
by  the  existence  within  the  Park  of  a  plant  which  treats 
approximately  600,000  gallons  of  sewage  a  day.     This  plant  sup- 
plies much  needed  irrigation  water  for  park  use.     It  is  stated 
that  an  additional  quantity  of  several  million  gallons  daily 
could  be  used  advantageously  to  supply  the  requirements  of  the 
existing  vegetation,  now  suffering  seriously  from  lack  of 
water,  humus,  and  fertilizer.     The  Board  felt  that  treated 
sewage  effluent  could  be  made  availvable  there  for  irrigation 
and  that  digested  sludge  would  furnish  a  cheap  source  of  humus 
and  nitrogen  for  the  sandy  areas  of  the  Park, 

The  Board  of  Park  Commissioners  recognized  the  value  of 
this  possible  supply  of  irrigation  water,  humus,  and  ferti- 
lizer.    The  site  v;hich  was  first  suggested  by  the  Board  of  Con- 
sulting Sanitary  Engineers,  near  the  north  end  of  the  Park  east 
of  the  Forty-seventh  Avenue  entrance  and  for  which  a  tentative 
plan  was  prepared,  did  not  meet  with  the  approval  of  the  Board 
of  Park  Commissioners.     An  alternative  site  in  the  southwest 
corner  of  the  Park,  adjacent  to  one  of  the  existing  irrigation 
pumping  plants  of  the  Park,  was  suggested  by  the  Park  authori- 
ties.   After  examination  of  this  site  and  submission  of  a 
plant  lay-out,  conferences  were  held  with  the  Board  of  Park 
Commissioners,  and  the  requisite  area  for  the  plant  was  allo- 
cated, subject  to  formal  ratification, 

Important  advantages  accrue  from  the  location  of  a 
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plant  in  Golden  Gate  Park*    One  of  these  is  that  the  sewage 
from  the  Baker's  Beach  district  and  from  the  West  Richrxiond- 
Sunset  district,  can  be  combined  and  treated  in  a  single 
plant.    Another  is  that  the  location  permits  the  concen- 
tration at  this  place    of  the  major  portion  of  the  sewage  by 
gravity  flow,  it  being  necessary  to  pump  but  a  sm.all  portion, 

THE  BAKER'S  BEACH  SEV^ERAGE  PROJECT, 
Diversion  to  Golden  Gate  Park  Treatment  Plant, 

To  divert  the  sewage  from  the  Baker's  Beach  district  to 
Golden  Gate  Park  will  require  the  construction  of  a  tunnel 
through  the  hill,  a  new  sewer  in  Fulton  Street,  and  a  con- 
necting sewer  from  Fulton  Street  through  the  Park  to  the  plant. 
The  principal  diversion  will  be  made  at  the  intersection 
of  Lake  Street  and  Twenty-fourth  Avenue,  from  which  point  a 
tunnel  will  extend  westward  in  Lake  Street  to  Twenty-sizth 

Avenue,  thence  to  the  intersection  of  Thirty-fourth  Avenue 
and  Cabrillo  Street,  thence  through  Thirty-fourth  Avenue  to 
Fulton  Street,  unless  subsequent  geological  investigation 
should  indicate  a  more  favorable  route.     At  this  point,  the 
flow  will  be  discharged  into  a  new  gravity  sewer  in  Fulton 
Street,  v/hich  will  extend  westerly  to  the  corner  of  Forty- 
sixth  Avenue,    Here  the  flow  from  the  Baker's  Beach  district 
will  join  that  from  the  West  Richmond  district.     Thence  it 
will  be  conveyed  to  the  proposed  treatment  plant  through  a 
new  sewer  to  be  built  through  the  Park.     See  Plate 

A  small  area  known  as  the  Seacliff  District,  in  the 


-55- 


northerly  part  of  the  district,  lies  at  too  low  an  elevation 
to  permit  of  a  gravity  diversion.     To  serve  this  area,  it  will 
be  necessary  to  build  a  few  small  collecting  sewers,  a  pump- 
ing station,  and  a  force  main*     Construction  cost  estimates 
provide  for  a  circular  pumping  station  located  beneath  the 
street  surface  in  the  circle  at  the  extreme  northerly  end  of 
T'.T©nty-f ifth  Avenue.     See  Plate  ^9. 

From  the  pumping  station,  it  is  proposed  to  build  a  12- 
inch  cast  iron  force  main  extending  southerly  in  Twenty-fifth 
Avenue  to  Lake  Street,  at  which  point  the  force  main  \/ill  dis- 
charge into  the  main  diversion  tunnel. 
Assumed  Basic  Data  for  Design. 

The  assumed  data  upon  v/hich  the  preliminary  designs 
and' estimates  of  cost  of  the  diversion  works  have  been  based 
are  given  in  the  table  below.     It  is  proposed  to  provide  for 
the  removal  from  this  district  of  all  sewage  and  storm  runoff 


up  to  a  maximum  rate  of  flow  of  30  m.illion  gallons  in  2k-  hours* 

Population,  I93O  66,500 

"      for  initial  design  of  treatment  works.  ...^0,000 

"      ultimate,  for  design  of  diversion  works  100,000 

Sewage  flow,  average  rate,  g.  c,  d.   100 

»  "    maximum      "      "  "  "    200 

"         "    ultimate  average,  rat^,      g*   10 

w  tf  ri        maximum      "      "  "  »   20 

Storm  runoff,  0.02  inch    an  hour  from  1,500  acres 

rat  e  m.  g.  d. , . . ,  ,   20 

Maximum  volume  for  design  of  diversion  works,  average 

flov/  plus  storm  runoff,  m.  g.  d   30 


t  .  » 


Construction  Cost  Estimates. 

The  estimated  construction  cost  of  the  Baker's  Beach  di- 
version works,  including  allowance  for  engineering  and  don-^- 
tingeneies,  is  as  follows: 

Seacliff  sewers,  puinping  station,  and  force  main  .f40,000 
Main  diversion  tunnel  and  gravity  sewers  to 

treatment  plant   ij-25,000 

Total..  .,.,$i^65,000 


THE  RICHICTD-SUNSET  Sg^TERAGE  PROJECT 

Diversion  Works. 

As  previously  described,  the  sewage  of  the  Baker's  Beach 
district  will  be  diverted  to  a  treatment  plant  to  be  built  in 
Golden  Gate  Park,     This  plant  also  will  treat  the  sewage  of 
the  West  Richmond  and  Sunset  Districts  and  that  of  the  area 
lying  easterly  of  the  old  Rancho  de  la  Merced. 

Sewage  of  the  West  Richmond  District  west  of  Forty- 
^ixth  Avenue  and  north  of  Fulton  Street  will  be  pumped  at  the 
existing    Forty-eighth  Avenue  and  Fulton  Street  pumping 
station  through  a  force  main  in  Fulton  Street  to  Forty-sixth 
Avenue,  v/hence  it  will  flow  by  gravity  through  a  proposed  36- 
inch  pipe  in  the  Park  to  the  treatment  plant. 

Sewage  of  a  portion  of  the  Sunset  District  will  be  di- 
verted at  Lincoln  Way  and  Forty-fifth  Avenue  and  will  be  con- 
veyed to  this  treatment  plant  by  gravity  through  a  new  30- 
inch  sewer  in  the  Park,     The  remainder  of  the  sewage  of  this 
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district  will  be  pumped  to  the  plant  from  the  existing  trunk 
sewer  at  the  proposed  plant  in  the  Park.     The  locations  of 
the  sewer  lines  are  shown  on  Plate 
Assumed  Basic  Data 

The  preliminary  designs  and  cost  estimate  >of  th>e 
Richmond-Sunset  project  are  based  upon  assumed  data  given  in 
the  following  tabulation.     The  population  tributary  to  the 
existing  activa,ted  sludge  plant  in  the  Park  is  included 
merely  to  indicate  the  total  population  of  the  district. 


I 


POPULATION  AND  FLOWS 


POPULATIONS 

1930         Adopted  for  Adopted  for  Ul- 

Districts  Population    Initial  Design      tirnate  Design 

Baker's  Beach    66,500    gO,000    ..100,000 

West  Richmond- Sunset      79,000    120  ,  000    810,000 

Total   1^5,500    200,000   310,000 


SEWAGE  FLOW 


Baker's  Beach    average  flow  g, c.d.  100 

West  Richmond-Sunset  .,   "  "        "   60 

Baker's  Beach  ..  maximum  flow      "  200 

West  Richmond- Sunset  ....        "  "        "        ,.   96 

Baker's  Beach     average  flow  m.g, d,  —   S 

West  Richmond-Sunset    "  "        "   J 

Total   15 

Baker's  Beach  ,        .maximum  flow  m.g,  d,   I6 

West  Richmond-Sunset  .....        "  "        "  -.11.2 


STORM  S.EWAGE  FLOW 


Baker's  Beach   maximum  flow  m.g. d.   3^ 

West  Richmond-Sunset    "  "        "       ,  2^ 

Total   55 


Note:  The  193O  population  includes  that 

tributary  to  the  activated  sludge  plant 
in  Golden  Gate  Park.     Design  populations 
do  not  include  that  tributary  to  the 
activated  sludge  plant. 


Characteristics  of  Sev/age 


The  characteristics  of  the  sewage  of  the  Baker's  Beach 
District  are  shown  on  Plate  50.      These  were  determined  by 


-59- 

analyses  of  samples  collected  at  a  point  where  the  contri- 
butory population  was  approximately  90  Per  cent  of  the  popu- 
lation of  the  district,  or  about  60,000  persons.  Composite 
samples  were  taken  hourly  through  one  week  in  August,  193^+,  and 
represent  flow  conditions  similar  to  those  existing  when  the 
flow  gaugings  were  made.  See  Plate  3g, 

The  characteristics  of  the  sewage  of  the  Sunset  District 
are  shown  on  Plate  51,     The  samples  v;er©  collected  at  a  point 
on  the  Forty- eighth  Avenue  main  trunk  sewer  just  inside  the 
southerly  boundary  of  Golden  Gate  Park,  and  represent  the  con- 
tribution from  possibly  60,000  persons.     These  composite 
samples  were  taken  during  two  typical  days  of  the  week  when 
the' flow  conditions  v/ere  not  materially  different  from  those 
1/fhich  obtained  when  the  flow  in  this  sewer  was  measurec"., 
See  Plate  39. 

Treatment  Plant  Site. 

The  treatment  plant  site  in  Golden  Gate  Park  is  con- 
veniently situated  for  serving  the  district.  Topographically, 
the  site  is  well  adapted- for  a  plant  of  the  kind  recommended. 

Treatment  Plant. 

The  plan  for  treatment  provides  for  chlorinating  the 
sewage  before  it  enters  the  plant  for  the  purpose  of  elimi- 
nating any  objectionable  odors  v;hich  might  escape  from  the 
sewage  during  its  passage  through  the  plant. 

The  sewage  will  enter  the  measuring  and  screening 
building  where  the  flow  will  be  measured  in  Venturi  flumes 
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and  the  volume  indicated  and  recorded  by  suitable  devices* 

The  sewage  will  pass  from  the  measuring  flumes  to  bar 
racks  equipped  for  mechanical  raking.    Here  the  coarsest  of 
the  floating  and  suspended  matter  will  be  removed  and,  after 
maceration,  will  either  be  returned  to  the  stream  of  sewage 
or  be  eent  directly  to  the  digestion  tanks  described  later. 

From  the  racks  the  sewage  will  pass  to  grit  chambers, 
provided  with  equipment  for  mechanical  cleaning.    Here  sand 
and  other  similar  material  will  be  removed  so  that  they  may 
not  form  deposits  and  cause  trouble  in  other  structures. 

From  the  grit  chambers  the  sewage  will  flow  through 
channels  where  it  X7ill  be  aerated  to  aid  in  the  f locculat ion, 
flotation,  and  removal  of  oil  etnd  grease,' 

At  or  near  the  outlet  of  the  battery  of  grease  re- 
moval channels  a  connection  will  be  provided  and  space  re- 
served for  structures  for  any  form  of  treatment  which  subse- 
quently may  be  found  advantageous,  prior  to  the  passage  of 
the  aerated  sewage  to  the  sedimentation  tanks. 

The  sewage  v^ill  pass  thence  to  a  chamber  whence  ..it 
will  be  distributed  to  four  sedimentation  tanks  equipped  with 
sludge  scraping  and  scum  skimming  mechanisms.    A  large  pro- 
portion of  the  suspended  solids  v/ill  be  deposited  in  these 
tanks  as  the  sewage  passes  slowly  through  them. 

The  effluent  from  the  sedimentation  tanks  will  be 
treated  with  chlorine  to  kill  pathogenic  bacteria.  It  will 
then  either  be  utilized  in  the  Park  or  it  will  flow  by  gravi- 
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ty  to  the  Mile  Rock  trunk  sewer  through  which  it  will  pass 
and  be  discharged  at  the  present  outlet. 

The  sludge  from  the  sedimentation  tanks  will  be  pumped 
into  gas-tight  digestion  tanks  in  which  the  organic  matter  will 
be  broken  down  by  biological  action.     Thus  the  solids  v;ill  be 
rendered  inoffensive  and  greatly  reduced  in  volume.  This 
action  is  accompanied  by  the  generation  of  large  quantities 
of  inflammable  gas  which  will  be  utilized,  in  so  far  as  neces- 
sary, for  furnishing  heat  to  aid  the  process  of  digestion 
v/hich  may  be  carried  on  at  a  temperature  of         to  90°  F, ,  or 
even  higher.     There  will  be  a  surplus  of  gas  available  for 
power  production  or  any  other  desired  purpose.     Any  gas  not 
utilized  should  be  burned  in  order  to  avoid  any  possible 
escape  of  objectionable  odors. 

The  sludge  from  the  digestion  tanks  will  be  treated 
with  ferric  chloride  or  otherwise  put  into  condition  suitable 
for  the  rapid  and  economical  removal  of  a  large  proportion 
of  the  water  from  the  solids. 

The  sludge  after  being  conditioned  in  this  way  will  be 
pumped  to  vacuum  filters  by  means  of  which  much  of  its  con- 
tained water  ¥;ill  be  removed  and  the  solids  will  be  converted 
into  a  cake  containing  a  moderate  proportion  of  moisture  and 
suitable  for  transporting  and  spreading  on  the  land  or  com- 
posting as  may  be  desired. 

An  appropriate  building  will  house  the  laboratory, 
power  plant,  vacuum  filter  plant,  post-chlorinat ion  equipment, 
and  pumping  machinery. 

It  is  recommended  that  all  channels,  tanks,  and  othei* 
structures  through  which  the  sewage  flows  be  covered  or 
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housed,  that  all  buildings  and  other  structures  be  designed 
in  a  manner  to  conform  to  the  architectural  and  other  re- 
quirements of  the  Park,  and  that  the  treatment  plant  grounds 
be  graded  and  planted  in  a  manner  which  will  make  the  plant 
an  attractive  feature  of  the  Park, 

A  provisional  layout  of  the  treatment  plant  and  appur- 
tenances, made  for  cost  estimating  purposes  is  shown  on  Plate 
52. 

Disposal  of  Sludge, 

The  sludge  cake  may  be  used  as  a  top  dressing  for 
grassed  areasand  around  shrubbery  and  plants.     The  sludge 
may  also  be  used  for  building  up  a  considerable  depth  of  soil 
by  spreading  in  a  thick  layer  and  covering  with  loam,  or  if 
loam  is  not  available  the  sludge  can  be  worked  over  and 
weathered  until  it  becomes  a  suitable  top  soil.    As  the 
sludge  is  about  one-half  organic  matter  and  contains  a  subs- 
tantial amount  of  nitrogen,  it  should  be  a  valuable  source  of 
humus  and  fertilizer.    Such  dewatered  sludge  has  the  advan- 
tages, in  contrast  with  manure,  of  being  practically  free 
from  weed  seeds  and  of  not  causing  "burning"  of  grass. 

The  disposal  of  the  sludge  should  be  planned  so  that 
it  can  be  removed  from  the  plant  as  fast  as  it  comes  from 
the  filters  and  used.     If  necessary  or  desirable,  however, 
it  can  be  composted,  with  or  without  other  materials , for 
later  use. 

If  the  quantity  produced  exceeds  the  requirements  of 
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the  Park,  it  may  be  used  on  near-by  golf  courses  and  other 
ar  eas • 

In  view  of  the  character  of  the  soil  of  the  Park  and 
of  the  publicly-owned  golf  courses  and  other  areas,  it  is 
probable  that  a  considerable  quantity  of  sludge  can  be  used 
for  an  indefinite  time  in  the  future.     Furthermore,  there 
may  be  a  demand  for  the  sludge  for  use  on  private  grounds. 
Such  disposal  will  conserve  large  quantities  of  humus-forming 
material  and  fertilizing  ingredients  so  much  needed  for  the 
sandy  soils  of  the  Park  and  other  areas. 

If  at  any  time  in  the  future  it  shall  be  found  diffi- 
cult or  unreasonably  expensive  to  dispose  of  the  sludge  in 
the  manner  suggested,  it  will  be  practicable  to  incinerate 
it  at  high  temperature  and  thus  reduce  it  to  a  mineral  ash 
which  can  be  disposed  of  readily  by  dumping  at  any  appropriate 
place. 

Disposal  of  Effluent 

It  is  proposed  to  furnish  to  the  Park  authorities  as 
much  of  the  plant  effluent  as  they  desire  for  irrigation 
and  other  purposes.     The  remainder  after  treating  with 
chlorine  will  flow  through  the  Mile  Rock  trunk  sewer  to  the 
present  outlet  a  short  distance  eastward  from  Point  Lobos, 

The  effectively  chlorinated  effluent  when  mixed  with 
sea  water  will  not  be  likely  to  endanger  the  health  of  persons 
using  the  shore  waters  for  recreational  purposes,  and  will 
not  contain  coarse  floating  and  suspended  matter  which  will 
foul  the  shores  and  beaches.     It  is  recognized,  however,  that 
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when  the  necessary  funds  can  be  made  available,  it  may  be  ad- 
visable to  provide  either  for  discharge  in  deep  water  well  off 
shore  or  for  more  complete  treatment  before  discharge,  which- 
ever may  prove  to  be  the  less  expensive  or  the  more  advisable. 

Studies  of  the  feasibility  of  constructing  an  outlet 
pipe  have  been  made  during  this  investigation.    However,  be- 
cause of  the  lack  of  borings  which  it  has  not  been  financially 
possible  to  make,  and  because  of  the  uncertainty  in  regard  to 
the  amount  of  effluent  which  can  be  used  advantageously  in  the 
Park,  it  is  not  deemed  wise  to  make  any  definite  recommen- 
dation on  this  problem  in  this  Report, 
Estimates  of  OoGt. 

The  construction  cost  of  this  project,,  including  en- 
'gineiering  and  contingencies,  has  been  estimated  as  follows: 

West  Richmond  collection  works,  pumping 

plant,  and  force  main,                    .  $12,000 

Lincoln  Way  Diversion  structure  and 

gravity  line   2g,000 

Richmond-Sunset  Treatment  Plant  includ- 
ing pumping  plant   5^3  » OOP 

Total  $5^3,000 
Provision  for  Future, 

The  Mile  Rock  sewerage  district  will  be  further  de- 
veloped and  its  population  will  increase.     Therefore  a  larger 
plant  will  be  required  eventually.     The  plant  now  contem- 
plated is  laid  out  in  a  manner  to  permit  of  enlargement  with- 
out the  abandonment  of  any  structures  provided  at  the  outset. 
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TREATMEI'IT  MP  DISPOSAL  OF  THE  SEWAGE  OF 
THE  SOUTHWEST  Sg^7ERAGE  DISTRICT. 

Existing  Conditions. 

A  sewer  outlet,  designated  herein  as  the  Vista  Grande 
outlet,  discharges  a  small  but  significant  quantity  of  sewage 
directly  upon  the  beach  and  thence  into  the  Pacific  Ocean 
approximately  3000  feet  north  of  the  City  and  County  line,  and 
slightly  more  than  a  mile  south  of  Fleishhacker  Pool,  The 
lower  end  of  this  sewer  is  a  4-foot  by  l-foo-t  tunnel  about 
3000  feet  in  length,  designed  to  carry  both  sev/age  and  storm 
Water,     The  contribution  to  this  outlet  from  San  Francisco 
consists  almost  entirely  of  storm  vj-ater.     The  contribution  of 
sewage,  possibly  averaging  one  million  gallons  a  day,  comes 
from  communities  in  San  Mateo  County;  Oolma  and  Daly  City, 
with  possibly  some  adjacent  territory.     This  sewage  produces 
an  extremely  foul  condition  of  the  beach  and  pollution  of  the 
shore  waters  in  the  vicinity  of  the  outfall. 

At  the  present  time  the  sewage  from  Colma  and  Daly  City 
is  being  inadequately  treated  and,  at  times  at  least,  dis- 
charged in  a  swampy  area  v/ithin  the  City  of  San  Francisco, 
The  project  as  constructed,  however,  cent em.plated  pumping  of 
the  effluent  into  a  wooden  flume  leading  to  the  Vista  Grande 
outfall. 
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Sewage  Treatment. 

Consonant  with  the  recommendations  made  virith  respect  to 
the  discharge  of  sewage  through  the  Mile  Rock  outlet,  it  is 
recommended  that  no  inadequately  treated  sewage  be  discharged 
through  the  Vista  Grande  outlet.     To  this  end  it  is  advised  that 
negotiations  be  undertaken  immediately  with  the  authorities 
of  Daly  City  and  the  adjoining  areas  to  the  end  that  provision 
be  made  for  eliminating  the  nuisance  now  existing,  due  to  the 
sewage  from  these  areas,  either  by  complete  treatment  and 
appropriate  disposal  of  the  effluent  or  by  pumping  through  a 
force  main  into  the  system  of  sewers  in  the  Sunset  District 
leading  to  the  treatment  plant  in  Golden  Gate  Park, 

Any  sewage  contributed  from  the  Southwest  sevirerage  dis- 
trict within  the  city  limits  should  be  concentrated  at  a 
single  suitable  point  and  pumped  into  a  main  sewer  of  the  Sunset 
District  tributary  to  the  proposed  treatment  plant  in  Golden 
Gate  Park. 


RECAPITULATIOH  OF  OOHSTRUCTIOK  COST  ESTIMATES 
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The  estimates  of  the  construction  cost  of  the  works, 
including  engineering  and  contingencies  herein  proposed  are 
summarized  in  the  table  below  in  two  parts;  first,  those 
works  recommended  for  immediate  construction  totaling 
11,300,000.00,  and  second,  those  recommended  for  later  con- 
struction totaling  $2,250,000.00 

A.    Work  recommended  to  be  done  from  present  bond  funds. 

North  Point  and  Marina  Sov/era^e  Project. 

Marina  Pumping  Plant  and  Force  Main,  including 
repairs  to  Pierce  Street  se?/er  at  outlet 


end  ,   $  252,000 

Richmond-Sunset  Sewerafi'e  Project. 

Baker's  Beach  Pumping  Plant,  Diversion 
Structures,  and  Connecting  Sewer  Lines 
to  treatment  plant   ^65,000 

West  Richmond  Pumping  Plant  and  Force 

Main,  and  Sunset  Connecting  Sewer  Lines  40,000 

Richmond-Sunset  Treatment  Plant   5^3  ,000 

Total   $1,300,000 

B.    Work  recommended  to  be  done  as  soon  as  funds 
are  available.  

North  Point  and  Marina  Sewerage  Project. 

Land  for  treatment  plant  site  $  600,000 

North  Point  Treatment  Plant,  including 
Pumping  Plant,  Sever  Line  Changes,  and 
Outlet  Pipe  to  bulkhead  line   1,250,000 

Outlet  Pipe  to  approximately  2000  feet 

from  bulkhead  line,   including  Diffusion 

System   ^00,000 

Total   $2,250,000 
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Richmond- Sunset  Sewerag;e  Project. 

Outlet  Pipe  to  deep  water  or  Complete 

Treatment  in  Golden  Gate  Park  Not  estimated. 

The  cost  of  the  ?;ork  to  be  done  in  the  Southeast 
and  the  Southwest  sewerage  districts  has  not  been  estimated 
because  of  the  lack  of  necessary  information  regarding  the 
general  details  of  the  work  required. 

In  estimating  the  costs  of  construction,  the  cost 
of  local  work  of  similar  nature  already  constructed  has 
been  considered  wherever  possible  and  modifications  made 
to  harmonize  them  v/ith  present  prices  of  materials  and 
labor.     More  uncertainty  with  respect  to  cost  exists  with 
reference  to  tunnel  construction  than  other  items;  borings 
may  possibly  disclose  unexpected  geological  conditions 
which  might  increase  construction  difficulties  or  cause 
a  relocation.     Contract  for  the  tunnel  may  well  be  entered 
into  in  advance  of  the  rest  of  the  work  in  order  that  the 
total  funds  needed  may  be  known  closely. 
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ESTII;IATED  COST  OF  OPERATION  OF  TREATMMT  WORKS  AS  OF  19^0 

Marina  Punipinp;  Station 

Power  and  lighting  |g,000 

Labor  2,400 

Materials  and  supplies...  900 

Total   $11,300 

Richmond- Sun set  Sewerage  Project 

Twenty-fifth  Avenue  North .  Pump  inp:  Stat  ion 

Power  and  1  ight  ing   $2,^00 

Labor   1,050 

Materials  and  supplies...  350 

Sub-total   $3,^00 

Forty- eighth  Avenue  and  Fulton  Street 
Pumping  Station.    

Power  and  lighting   900 

Labor   700 

Materials  and  supplies...  ^00 

Sub-total   ■■  $l,g00 

Richmond-Sunset  Treatment  Plant 

"  Power  and  lighting. ...... $5 , 000 

Labor  *  36,000 

Materials  and  supplies**  1,400 

Chlorine, ferric  chloride 

and  other  chemicals. .... ,13 ,300 

Sub-total   ^55,700 

Total   $61,300 

*  Includes  delivery  of  sludge  but  not  spreading. 

**  Cost  of  water  required,  65,000  gallons  a  day,  not 

included  as  it  is  a  matter  of  inter- departmental 

bookkeep ing. 
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REOOMENDATIONS, 

As  a  result  of  this  investigation,  the  following  specific 
recommendations  are  made: 

1«    That  the  sewage  of  the  existing  Southeast  sewerage  dis- 
trict be  intercepted  and  carried  to  treatment  plants  at 
or  near  China  Point,  Hunter's  Point,  and  North  Point,  in 
accordance  with  the  general  plan  which  the  City  has  been 
following,' 

2,    That  the  sewage  of  the  existing  North  Point  sewerage 
district  and  of  a  portion  of  the  existing  Southeast 
sewerage  district  be  pumped  at  the  proposed  North  Point 
sewage  treatment  plant;  and  that  the  sewage  of  the  ex- 
isting North  Point,  of  a  part  of  the  existing  Southeast, 
and  of  the  Marina  sewerage  districts  be  treated  to  re- 
move (a)  grit,   (b)  oil,  grease,  a,nd  other  floating  matter, 
and  (c)  the  coarser  portion  of  the  suspended  materials, 
by  means  of  racks,  grit  chambers,  aerated  skimming 
tanks,  and  fine  screens;  and  that  the  treated  sewage  be 
discharged  at  a  distance  of  2000  feet  from  the  bulkhead 
line,  in  water  at  least  50  feet  deep,  through  a  submerged 
outlet  pipe  equipped  with  a  system  of  diffusion  nozzles, 

3«    That  the  sewage  of  the  Marina  sef/erage  district  be 

pumped  through  a  force  main  to  the  North  Point  treatment 
plant,  the  force  main  being  laid  for  a  part  of  its  length 
within  the  tunnel  of  the  Belt  Line  Railroad  under  Fort 
Mason,' 
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h.  That  the  North  Point  sewerage  works  be  constructed  as 
soon  as  the  necessary  funds  become  available,  and 
that,  pending  their  construction,  the  sewage  of  the 
Marina  sewerage  district  be  discharged  into  the  Beach 
Street  sewer  in  The  Embarcadero,  whence  it  will  flow 
into  the  slip  between  Piers  37  and  39. 

5.  That  land  for  the  North  Point  sewage  treatment  plant  be 
acquired  as  soon  as  financially  practicable,  even  though 
construction  cannot  be  undertaken  at  that  time. 

6.  That  the  sewage  of  the  major  portion  of  the  Baker's  Beach 
sewerage  sub-district  be  diverted  and  conveyed  by  gravity 
through  a  sewer  tunnel  from  the  intersection  of  Twenty- 
fourth  Avenue  and  Lake  Street  to  the  intersection  of 
Thirty-fourth  Avenue  and  Fulton  Street;  thence  through  a 
sewer  in  Fulton  Street  to  Forty-sixth  Avenue,  thence  to 
the  proposed  treatment  plant  in  Golden  Gate  Park;  and 
that  the  sewage  of  the  remainder  of  the  Baker's  Beach 
sub-district  be  pumped  at  an  underground  pumping  station 
situated  at  the  northern  end  of  Twenty-fifth  Avenue  North, 
to  the  proposed  sewer  at  Twenty-fifth  Avenue  and  Lake 
Street » 

7.  That  the  sewage  of  the  major  portion  of  the  West  Richmond 
sewerage  sub-district  be  diverted  from  the  existing  trunk 
sewer  in  Fulton  Street  at  Forty-sixth  Avenue  and  combined 
with  the  sewage  from  the  Baker's  Beach  sub-district  at 
that  point;  and  that  the  remainder  of  the  sewage  of  the 
West  Richmond  sub-district  be  concentrated  at  the  existing 


-72- 

pumping  station  at  Forty-eighth  Avenue  and  Fulton  Street, 
and  pumped  through  a  force  main  to  that  same  point, 
whence  all  of  the  sewage  would  flow  by  gravity  through 
a  proposed  sewer  leading  to  the  treatment  plant. 
That  the  sewage  of  a  portion  of  the  Sunset  sub-district 
be  diverted  and  conveyed  by  gravity  from  the  existing 
sewer  in  Lincoln  Way  at  Forty-fifth  Avenue  to  the  treat- 
ment plant;  and  that  the  sewage  of  the  remainder  of  the 
Sunset  sub-district  be  diverted  and  pumped  from  the 
existing  Mile  Rock  trunk  sewer  in  Golden  Gate  Park  to 
the  treatment  plant. 

That  the  sewage  of  the  Mile  Rock  sewerage  district,  com- 
prised of  the  Baker's  Beach,  17est  Richmond  and  Sunset 
sub-districts,  be  treated  to  remove  (a)  grit,   (b)  oil, 
'  grease,  and  other  floating  matter,  and  (c)  that  portion 
of  the  suspended  solids  which  will  settle  in  a  moderate 
period  of  time,  by  means  of  racks,  grit  chambers,  aerated 
skimming  tanks,  and  sedimentation  tanks;  that  as  much  as 
needed  of  the  effluent  be  furnished  for  use  in  the  Park; 
and  that  the  remainder  after  chlorination  be  discharged 
temporarily  into  the  existing  Mile  Rock  trunk  sewer  and 
discharged  through  the  present  outlet  at  the  north  shore 
a  short  distance  eastward  of  Lobos  Point;  and  that  the 
sludge  from  the  sedimentation  tanks  be  subjected  to 
biological  digestion  in  gas  tight  tanks,  that  the 
digested  sludge  be  dewatered  by  means  of  vacuum  filters, 
and  that  the  dewatered  sludge  be  furnished  for  use  in  the 
Park,  upon  municipal  golf  courses,  and  other  areas. 
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10,  That,  in  anticipation  of  the  eventual  need  of  providing 
for  the  discharge  in  deep  water  well  offshore  of  the 
effluent  from  the  Golden  Gate  Park  treatment  plant  above 
described  or  for  complete  treatment  in  the  Park,  borings 
and  other  data  be  secured  which  will  make  possible  a 
reliable  estimate  of  the  efficacy  and  cost  of  discharge 
in  deep  water  in  comparison  with  complete  treatment;  and 
that,  when  necessary,  the  more  advantageous  of  these 
plans  be  adopted  and  executed. 

11,  That  negotiations  be  undertaken  immediately  with  the 
authorities  of  Daly  City  and  the  adjoining  areas  in  San 
Mateo  County,  which  are  tributary  to  the  Vista  Grande 
sewer  outlet  in  the  extreme  southwest  corner  of  the  City 
and  C6unty  of  San  Francisco,  to  the  end  that  provision 
be  made  for  eliminating  the  nuisance  now  existing,  due  to 
the  sewage  from  these  areas,  either  by  complete  treatment 
and  appropriate  disposal  of  the  effluent,  or  by  pumping 
through  a  force  main  into  the  sewers  leading  to  the  treat- 
ment plant  in  Golden  Gate  Park, 

12,  That  the  City  request  the  War  Department  to  make  pro- 
vision for  delivering  all  of  the  sewage  of  the  Presidio 
and  Fort  Mason  into  the  sewerage  system  of  the  City  in 
order  that  it  may  be  properly  treated  together  with  the 
Cityts  sewage. 
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Respectfully  presented. 
(Signed)         Harrison  P.  Eddy 
(signed)         Gharles  Gilman  Hyde 
(Signed)         Clyde  0.  Kennedy 
(signed)         Leon  B.  Reynolds 


Board  of  Consulting  Sanitary  Engineers. 
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Psriod  Covered,  10  Yeor3,  /d9J  fo  19/0  Inclusive. 


AVER     501  51.1  51.4  51.?  51.5  509  51.4  %A  53.8  55.4  56.8  58  0  58.8  593  59.1  5a4  515  564  553  54.5        533  5Za  51.4 


Notes-  Bosed  upon  Table  4,  Bulletin  44,  "The  Climate  of  5an  Francisco^  by  A.Q. 
M^Adie,  U.S.aA.,Weattier  Bureau,  See  Fig.  6.  FbgeZ8,  Bulletin  44. 


AVERAGE  HOURLY  TEMPERATURES  IN  DEQREEd 
FAHRENHEIT  BY  MONTHS 

Month 

Temperature 

Month 

Temperature 

Uonuory  ^ 

49.Z 

UULY 

36.0 

February 

61.3 

AUGUST 

37.0  I 

March 

3Z.I 

September 

39.1 

April 

35.6 

October 

36.3 

May 

33.7 

November 

36.Z 

dune 

36.3 

December 

30.  Z 

A  veroge  for  fh^  year  -  34. 6. 

CITY  AND  COUNTY  OF  SAN  FRANCISCO 

DEPT.  OF  PUBLIC  WORKS  -  BOARD  OF  CONSULTING  SANITARY  ENGINEERS 


:  HOURL.V  TEM 
SAN  FRANCISCO. 


DRAWN  W  R.W.d. 
TRACED  ViRW.U. 
CHECKED  B'H  B.B. 


SCALE: 
NO.    ...  OF 


SHEETS 


DATE 


Dec.  6, 1954 


FILE 


L- 10,967 


if 


Dioqrom  2 

MAXIMUM,  AVERAQE  AND  MINIMUM  MONTHLY  TEMPERATURES 

5AN  FRANCISCO  -  CALIFORNIA 
F^riod  Covered  65  Years,  161  I  to  1953  In  elusive. 
Compiled  from  Records  of  the  Weolher  Bureou,  U.S.  DA.,  Son  Fronasco. 
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CITY  AND  COUNTY  OF  SAN  FRANCISCO 

DEPT  OF  PUBLIC  WORKS  -  BOARD  OF  CONSULTING  SANITARY  ENGINEERS 
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MONTHLY  TEMPERATURES 
SAN  FRANCISCO. 


DRAWN  Wi  R.WJ. 

SCALEi 

DATE 

riLE 

TRACED  ViHW.J. 
CHECKED  Wd.B 

NO  0 

F .—  SHEETS 

May.  5,193^ 

L- 

10,968 

TABLE  1 

NORMAL  DAILY  MEAN  TEMPERATURE  BY  DAYS  AND  MONTHS 
San  Francisco,  California 

Period  Covered  -  k-J  years,  1^75  to  1921  inclusive 

Compiled  from  Records  of  the  Weather  Bureau, 
U.S.D.A, ,  San  Francisco 


Day    Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sep.  Oct,  Nov.  Dec,  Day 

1  50  51  5^  55  56  5S  59  52  60  6l  59  53  i 

2_  50_„  5l  5^  55  56  5^  59-— 5^  6o__  6l_.  59—  53  2 

3  .  50. „  5l._.  5^__  55 „  56  _  5g„  59...   59     6o„  61  _  58 _  53-3 

4._  50_  51 ._.  5^  55„  56.__  5g„-  59      59—  60  6i._.5S .._.-53  ^ 

5--.  50_  51  „.  5^_.  55—  56  5S  .._59_.  59  60  61     58  53  5 

6_.  50  51  __5i+_.  55_.  56_  5g  __59___,  59_„  6o_„.  61     5g .  53  6 

7__..50  51  _  5^  55.„.  56  _  5g  _.59_.  59  — 60_.  61  5g_  52  7 

.50  52  5^1-  _.55  _56  .  _.5g  _„59  „59_   61  _  61  58  _..52  .  .  g 

9—  50__.  52     5i}-_  55._„  56._...  5g  ..„..  59  59—  6i__.  61  .„  58     52  9 

10     50  „.  52     5h     55  -  -  56     5g     59  —  59     61  _  61     57  _  ■  52  —  10 

ll___.50_  52  ._.5iJ-_.  55.-.  56__5g  5g-  59-  61     61     57„.  52  11 

12.„..50_^  52_..5iJ-_  55 56__..  5g  „  5g„-„  59  — 6i-„  61  „  57-   52  .-^12 

13__  50  _.  52     5i]-__  55„  56 ..  .  5S„.  5S  —59  —  61     61     57_  52  13 

l4_.  50_..  52  __  5i|_.  55.„...  57_  59  .„  53     59„.„  61 ._  61  _.  57—  51  —  1^ 

15  —  50 52     54     55     57_  59     5g..-_  59 61 61     56  „  51  _  15 

16  50 _.  52  _  5^1-  _  55  57„...  59  __  5g_„_  59     61  _  61  _  56  51.^.  16 

17._  50 52_.  5i|     55  57  ._„  59  -_.5g  59  —61  __6l  __56  __,  51  —  17 

lg.__  50_.  53__.  5i|._  55._.  57_„  59._-.  52  59  61  ~..  60  —  56  —  51 

19.,_..50  —  53__.  5i+-__.  55  57  59—  52—  59  61  —  60 — 56 — 51  -.19 

20.....  50     53  5i|.._..  55  _  57  59  52  ..-_.59  61  60  — 55     51  20 

21  _  50     53  5i|-__  55  57  59  __.5S  .„  59  61  _.60  55  50 21 

22  —  50— 53. _..  5^—55  57  59  58  — 59-__.  61  —  60 55     50  22 

23  —  50-  53—  5^1—  55—  57  59  -"5^  — 60  —  61  —  60  —  55  —50  —2} 

24._-.  50—  53—  5i|-—  55  —  57  59  —58  --60  —61  —  60  —  55  —  50—  24 

25  50—  53  .—  5I1-—  55—  52  _  59—  52  —60  —  61—  60-  5s  50  —25 

26  —  50—  53  .—  5if  —  55  _  52  59     52..-.-  60  61  —  60  —  54  —  50—  26 

27—  50  _  53  55  55  52  59  52  —  60  —  61  — .  60—  5^1-  _50  —  27 

22  — 50  — 53  — 55     55  — 52  — 59 — 5^  --60  —61  —59  50  —  22 

29—  5I-  — —  55-.  56—.  52—  59--5S  60.--.  61  —59--  5^-  — 50—  29 

30__5i_  —     55__.56— 52  —59  52--  60—  61—  59—  5^—50  —  30 

31     51 —  „_  55  52  —  —  —52-..-  6o._..  — -      59  —  —  —50  — 31 


^.^ans  5_0__  52     5^     55     57  53__3A.^  „59_  6_1  60_  5 6  _  51 


ANNUAL  56.1 

Temperatures  are  given  in  degrees  Fahrenheit. 


Plate  3. 


TABLE  2 

STATISTICS  OF  AVERAGE  AND  EXTREME  TEMPERATURES  BY  MONTHS 


San  Francisco,  California. 
Lengths  of  Records,  as  noted 

Compiled  from  Records  of  the  Weather  Bureau, 
U.S.D.A.,  San  Francisco. 


Month 

Average 

Daily 

Maximum 

Average 

Daily 

Minimum 

4 

Average 

Abso- 
lute 
Highest 

Abso- 
lute 
Lowest 

January- 

l^i+.7 

50.0 

72 

29 

February 

52.7 

go 

,  3.3  

March 

60.7 

5^...  3.... 

 g6  

.33.  . 

April 

62.2 

^9.3 

1+0 

May 

63.3 

50.5 

56.6 

97 

if2 

June 

R2  1 

-L  w  w 

— u 

July 

65.1 

 52 -7.  

99 

 l^7 ... 

August 

65.2 

53.3 

59.3 

92 

l^6 

September 

6g.3 



101 

^7 

October 

67.7 

53.6 

60.6 

96 

November 

62. g 

50.6 

56.7 

g3 



December 

56.1 

I1-6.2 

51.1 

7^ 

27 

Year 

62.5 

50.2 

56. 

XOl 

^27 

Length 
of  record. 
Years  60 

60 

6if 

git 

Temperatures  are  given  in  degrees  Fahrenheit. 


Plate  4-. 


D/A(SRAM  3. 

Average  Percentage  ^T/M£  Y^oA/r//ixlV/A/i>I^//?Ecr/oA/^ 

*Jaa/  /^RANa/sco  "  CAL/f^OR/^/A 
Periocf  Covered  /S  Years,  19/9-/333  /nc/usfVE 
Com  pi  lee/  from  Recor<^s  °/ WeMer  Bureau,  US.DArSE 


30 


SO.UE  of  PERCENTAae, 
40  50  60 


70 
 I  


100 
—I 


TAe>UE-3.(PERCEHTAGESj 

lYIOMTHUy  Wjnd 

Jan. 

Feb. 

Mar. 

Apr. 

MAr. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov 

Dec. 

N. 

2E.2 

13.2 

76 

3.7 

1.6 

.3 

.1 

.0 

1.8 

8.4 

19.3 

23.0 

N.E. 

I  1.9 

I  1.9 

70 

4.0 

2.3 

1.3 

4 

.7 

1.8 

5.1 

J  1.2 

13.4 

E. 

3.7 

3.0 

2.7 

1.6 

1.2 

.8 

.3 

4 

1.0 

1.6 

2.5 

3.7 

S.E. 

18.4 

17.0 

1  i.l 

75 

4.9 

25 

1.2 

-  1.6 

5.1 

9.3 

14.1 

19.8 

S. 

ao 

78 

7.3 

e.4 

4.3 

4.2 

3.0 

2.6 

45 

70 

6.9 

TO 

sw. 

5.6 

10.7 

15.4 

2  1.2 

30.3 

40.0 

59.2 

51.fe 

370 

2  1.6 

9.1 

5.2 

w. 

I  O.I 

18.3 

33,3 

42.0 

48.3 

471 

34.5 

41.6 

443 

3S.5 

18.6 

79 

m. 

J  9.9 

178 

15.3 

13.5 

70 

3.5 

1.2 

1.2 

ae 

10.5 

16.7 

19.5 

c. 

.2 

.3 

.3 

.1 

.1 

.3 

.1 

.1 

.7 

.6 

1.6 

.5 

Total. 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

lOO.O 

100.0 

100.0 

100.0 

100.0 

CITY  AND  COUNTY  OF  SAN  FRANCISCO 

DEPT  OF  PUBLIC  WORKS  -  BOARD  OF  CONSULTING  SANITARY  ENGINEERS 


WIND  DIRECTION 
SAN  FRANCISCO. 


DRAWN  BY  /F.MO. 
TRACED  BY  Af./I. 
CHECKED  BiB.B. 


SCALE: 
NO  OF 


SHEETS 


DATE 

Apr//  1935 


FILE 


L- 10,969 


i 


I  t^M 


9   10   II  Item  I    :    ?   4    ?   6   1   a    9   10   II  Midi 


s 

a 
a 

ts 

t6 

n 
,<? 

19 
20 

Zl 

zz 

Z3 
ZA 
Z5 
26 
Zl 

za 

Z3 
X 

3/ 


-  J  -6  +<         -i^ —  »3    s^-iioA-^  A    >i      <4 -4  -4 

I.4I4  Is  is\/\5\6\3\6 ^5^S\-i  *^ ^  ^■^^s\f 

\(\^\^\^\^\6\4  le\f\6\5\5^  llO  1*  itf  l«  ^«  IjSV^,^/?  I5 

■'S  -re  'i  f '  ■  >  ' »  ■  ■  -t-^/.^^— ->  j-6 -t- »-►»-.-■(— 4— -t-i- |3^3 

,3^»^.N^V#S.3V^Vtf\3N-5'^3  y5  I5  l,y  t/3  1^  I5  I9  i<y  ItV^  \4 
'3  -^3  '3  *3        U  U  i<5  IzNtN^N./  is  1//  l/zl/zl/iizl/V^V/;; 

3.  ^  V  ^  ^  ^  L   5  , ^6  ^  ^  ^  ^ ^  4- ^  4.  4.  ^  4 

S    ^ ^  ^  J.  J. (3  }^  t.3^^3^3\5  ^74^7/94^^^/^^ 

"V^         -\7  — »-  *;Cf  4-^  -^i*  4-^  -t-«.  -H*  -I-*-  +—  -4-*-  H;^ 

jL^^-£^i\3^'\i\^i\T\s  44 4^94  4 4 4 h  iiole  I9 

5tJ  -^7  J-7V7^»tS^7^ V7\»V^\9  I5  1/17  1-// -l/J      i/i?  l/i!>  i  A +£. 
^V^\.5\^NJ\,A./v3S.7\tf\^\7V9  !/»  t/7i«  l/^'  Vole  U  is  i/0  i/z\7 
^6  -6  -57^7^7  l7^»-aV/^S  i/J^y^^  Wts»  1/7  l/l?  i/3l-/N-5S-7  I?  ^7^7X7 

iL^j£.      /f    ?  ^        /?  fv  1^        if  1^  if  Ik? 

^^Ji4-^Z±£^JiJi:i£^S^£/L^4443 


Date 


/ 

3 
4 

3 
6 
7 
<5 

/<9 
// 
/2 
/3 
14 
/3 
/6 
17 
IS 
19 
ZO 
Zl 
ZZ 
Z3 
Z4 
Z5 
Z6 
Z7 
2S 
Z9 
30 


Diagram  4 

APRIL  1955 
AM  I  PM 

I    Z54567a9IO   II  Moon  I    Z    3   4  5    6    T    6  9   10   II  Midi 

J.  X  ^  ^  y  3  twvv^ 

4  444<j4<?y^V?r  4^4.  ^i+iVSfV&v^  y^j^y^i^ 

4 4 4 4 ^^3\s^4\s\6  4-1^44 44)4 44 44>4 4 ^ 
^44^^^4^^\i/£ /^7\4  4 4 4o4o4 444^444 
\3Ui7 17  Is  I7 16  U  4\s  4444^^4^^^M,iiz^ 

n  .„^n    n    A    ,n    K   a  J^  \,    -,  ,-,     j>  ^   ^0  18  17  18   14   9   3    II    IZ  II 
\IZ  *^  \/7  \J3  \tf  -K^  1^3  -K^  ^7-1^ 

^vV3VV2  v|  4  4S4\>\3M         4^-^1^44  444. 

7   X,  X  A  /  6    7    7  6  j!  /  /   /  IZ  J6  n  19  15  IZ  II    10  II  10 
/j^--4^va4<9y7-f*4--4— ->-►V7■^9o^V/^^'3^-»^-- 
/5■   A#        /3  /3  /<5  19  17  17  le  ,  „  „  /rf  /5  14  13  13         ^   ,,  13  II 

*-  »  j-3 ^ ^3 ^y4/e ^I4^0^0^6^^^*6  ^  ■'^  \^\Z  ¥4 -^Z 

,     ,    ^3-    ^   e    7    ^    ^   „  II  13  IZ   17  17  17  16  15  a  /V 
A  4.  X  4 13  |5 16  ieXe  /6-  7  ^  ^  f^V^  /h4542/^^^/7  44 

4  444s4444  4.t^^444^^^SS£-^.^^ 
4  44  J~47  4; 4  4  47 46  4 4  4  4 4i 4ii 4z4n 434z4  /7  4 4 
y-,44444V4^A44^^^>^^44494o44444 
4  4  /s  4 4  ^4 'i.  4--^^4 yts4 4-4 4o4 -4o4i 4o4 4 4 4 
4  4^^^44y8  44  4  44^4^-/t/iASSd^^ 

\3\4\4\3  U\3  f V,\5VV3  ^^Jl^JtJl^/lJl/LJL^^ 

44Z^^^^S  t^Z^44o4z44;4344i4444 
4z  III  4o-44 41^  44i7  4o4 4 4o4 4  4 4^-1^  ^s+LiL  it 

^Z^Jl^  ^^^^7^e^S/l/lil^^/lSS^S^^J^ 

^^Z^/L  ^^^4  /4^ZilS^42  4z4^4S4~4jisis 


Dote 


 MAY  1955 

AM  I  sy  

I    2   3    4   5   6   7   e   9   10  II  Mm<i  I    Z   5  4   5   6       :^   j    .;      u-.  ' 

I3 1«  I9  isX/oVs  i//\A//V  U U vi?i-»  ». J.t,x) 

^^\/0■^0^'^\/3^.lff^7^^  /^)\^■i^^-y^9■^  .IB^IfM^mJl  11  Z.  -t  ,  £ X. 

^^^4^4  ^7  Z/4^^M  4.4L-!lll^~i9lt\llIZli!l2.Il 

£^AJ.^^^^Jt&JL^4/s4^^il4'^7  irUi^i^i^ 
\ \,slL4444oZ^  ^,JZJ{  ^  ^ 

^AZZ4.ZiJ.  .e,7^^4^^i^S7-~--^^^ 
^^^^4^^.3^4\7\7  ^IZIll^i!tJZS:!ltA/s 

4  ^£^ZZ^^AZ^Z^4444^^^i^z^^L 
J7  4AA£,A4s46Ad.AA4iZ444Ji-^4SAJi^4 
^■Z-Js  &.  ■Z.46'Z4d -i^^lS.  1^  JL.  ic  /f      '°  f  .1  ".  /?  .^j^  '^^ 

JlS4^SAA^A^4u,^4J^l°Jl^-L4Z£J.4ys 

4.S^S,S.4t6^7f6^9,,^^^1^^^^^4ZZ^tZ 

47  4h  }  rUWAhiiiJi^  ^^liSJlllZ^Za^Z 
^4*  Lt4^£.i^s^4til^(iilILitli46JiZtlZ 

^   7    5    7    7    7    9   e  II   10  16  13  13  17    „  /7  17  15  15  15    „  „  IZ 

^li^tZ^z^(lIl^^^E^^^^!i^tJiiiJ.Z 

6    IZ  6  6    9  IZ    „   ^  9   II  10  13  17  /4       J5  IS  16  i4  13    ^  H  4  S 

4—  4-^  4-».  4^         ^-^         "S^  **"  "'^  -t-^-f^  -»--        —  -U-  — —  -^-^ 

10  9   10   7  4   6    4  4  9  1^  J£  1^       16  _8_  10  _ll_  £_  Z  ^4  4 

44\344fA  \4^\44A4444^^1tll'-l4ZZ 
4-   X  ^  4^  .5  Z4i4oi^!l^4444444 

t,  i3V3N3\^\3  }3\3^3^5^3  ^4.4li:4££^  4^  Z  ^^.iSz 
\zSzSz  +2  -t£+2V2/3  ZZ4d-S~44l4z44454l44-^8  4-^-^ 

4/s4  47z-^z4-4.z/6Zi^  rryiyiys^r^^y4 

/g  4o4  4  4441-5  44  44  4  4  444544i-4t4344'-1s 
4i4z4z4z434i 4 4 4 4z 445434644^ ^  \    Z~  ~-~ 


Note-  The  f  iguxs  for  each  direclion  arrow  denote  ttie  velocity  in  miles  per  tiour. 
Compiled  from  records  of  ttie  Weather  Bureou,U.5,DA..San  Francisco. 
®  Denotes  velxrty  lessttian  1  miles  per  hour. 


CITY  AND  COUNTY  OF  SAN  FRANCISCC 

DEPARTMENT  OF  PUBUC  WORKS 
BOARD  OF  CONSULTING  SANITARY  ENGINEERS 


HOURLY  WIND  DIRECTIONS  &  VELOC-iES 

MARCH -MAY.  1£33 
SAN  FRANCISCO 


Of  •NCCT* 


A- 10.970 


TV 


i         I    :    J  4    ^   t    T  6   9   10  II  Midi 


2C 


26 
27 

ze 

29 


f  *  1  c      ^  e  » 

?  C   '        t-   6   t  J 


C  15  JZ  /f  ^  „  ,.  «  IZ  II  IZ  If  O 
16  ,5  14  f  IZ  16  IZ  16  IZ  9   e  7   6  4 


4  -*^*-f  UXi  hUXi'i^  Ji>  A>4z/e4z-/z/io4  4  a  44  4 

4^^UX^UXi\9\9XT44s4s449  4L^4i44o4444  4 
4  A  4:  is 4 444^^44,44Jt  il  J^4S  S 
44^ij^44444^J^4>S^^^S^Z444  4 
z444J~^J-^4-S.JlJlJ£Jt^JiJ£^S2i&-!i&  4 
^SZJ.ys4^i^ZS-4yeS44A44^4444  4 
-A  4i4io4444i-44i  4  -44  4 
4JA4444  4J$~^44?/l744444»4444z  4 
4-^ 4X4X34X4^  4*^3^3-^4 -4 4 4-44434 4z4i 4  4 
444 4X64X5-4X4  Z-S~-^^4 44i-4-44, 444 4  4 
444449444444,447446474'ii4SJ^Ji4-vi> 
y,Z4JlS44Sii-S.^5yi7£^-it4M^SJlSJl4S  £ 
S.'^ ^  "  S-iL-lLSS.  ^    -S. -^j-i^z-^hS"  zzB.  ^  ^  S -i^ S- 

/f  /3  )4  ,5    „  II   /Z  IZ  /5    X  le   19  zo  19  17  zo  17  m  17   .6  IZ    II    10  6 


4A4Az^/4X4\444ZJ.^S4.Ji^S4 

■i-i  -t-t      -1-3  -tJ  -t4  +3  -^5^4*4^V7-fy)YlOJ(lzVl3-*n  ■<li6  *I4 

4-/cA/454V5U\5  4454^4744 
J-444 444^X9X7  X6  4434iz4b^JIS!1 
4-l4^4^4^.tZ4JS.JlS-(i£i^^^ 
\ho4Ji.4z'ltlLJi. 


:3  (4  /Z  9 


444X5X3 

444/  4i  4 
444z4o4  4 
4ii4-44  4 

zo  15  14  n  13 

-t-- 
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Note.-  The  figures  for  each  diredion  orrow  denote  Ihe  velocily  ;n  miles  per  hour. 
Compiled  from  records  of  the  Weather  Bureau,  U.S,D.A,5an  Fponcisco 
•  Denote*  velocilv  le^sttion  2  miles  per  hour 
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HOURLY  WIND  DIRECTIONS  &  VELOCITIES 
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Noie-  The  figure  for  eoch  direclion  arrow  denotes  the  velocily  in  miles  per  hour 
Compiled  from  records  at  Ihe  Weoiher  Bureau,  U.S  DA,,  5an  Fnoncisco. 
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Note  The  figure  for  eoch  direction  orrow  denotes  ttie  velocity  in  miles  per  hour 
Compiled  from  records  of  Itie  Weother  Bureou,  U.5.D.A,,  Son  Froncisco- 
ffi  Denotes  velocity  less  then  Z  miles  per  hour. 
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CITY  AND  COUNTY  OF  SAN  FRANCISCO 

DEPARTMENT  OF  PUBLIC  WORKS 
BOARD  OF  CONSULTING  SANITARY  ENCINCtRS 


'.  CDDV.  Cm) 
L.  RIYNOLOl 


C  Q.  MYOt, 
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HOURLY  WIND  DIRECTIONS  i  VELOCITIES 

DECEMBER,  1933  ■  FEBRUARY.  1934 
SAN  FRANCISCO. 
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/50PLETHS  OF  AVERAGE  HOURLY  W/ND  VELOOJTIE5  IN  MILES 

6AN  FRANGISCOr  CALIFORNIA 
Period  Covered,  20  Years,  /69/  to  1910  Inc/us/ve 
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2.3)4    5     6    7     as     10    l\  Mcft. 


AVER.    1.?  7.1  6.6  6.e  6.?  6-4  6.5  6.7  7.2  IB  8.6  lO.I  11.8  ».3  14.3  148  14.8  14.?  19.1  11.8  IM  9.4  8.6  7.9 


Notes^  Based  upon  Toble  5,  Bulletin 44,"The  Climaie  of  Son  Francisco," by  A.Q. 
M^Adie,  U.5.DA,Weafher  Bureau.  See  Fig.  II.  Pqge  31.  BulleVm  44. 

Elevalibn  of  anemometer  changed  from  161  fed  to  4Zfee\  on  Moy  1,  and  io 
Z04  feet  on  Oct.  1, 1906.  (above  the  street) 
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TABLE  7 

NUMBER  OF  DAYS  WHEN 
RAINFALL  INTENSITY  WAS 
GREATER  THAN  0.01  INCH  PER  HOUR 

DURlNg  THE  SEVEN-MONTH  PERIOD,  APRIL  TO  OCTOBER,  INOLUST/E 

San  Francisco,  California. 

Period  covered,  15  years,  1915-I929  as  shown. 

Compiled  from  Records  of  Weather  Bureau, 
U.S.D.A.,  San  Francisco. 

Year      April    May    June    July    August    September    October  Total 

1915.  ^  10  14- 

1916   1_^^  1  2  2  6  12 

1917  3   3  

I9ig  3  3  .5  2..  . 

1919  1  3.  2  6 

1920  ^  1  1  6  11 

1921  2  6  J  k  15 

1922  12       1  g  12 

192:^  Z  1  2  5  15  

192i|-  2  9  11  

1925       6       _  _  g_  __^.l  1   3    2  21  

1926  2  2  ^  ;5  12  

1927  J|  2  1  ^  10. 

1922  5  1  ^_  _  1  7 

192?  5  .9.,..^^. 

Average    3.5       2.1   0^6    0.1       0.1  1.1  3.6  11.1 


Note:  San  Francisco  beaches  are  mainly  used  during 

the  seven-month  period,  April  to  October,  inclusive. 
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Tide  Chapt  -  Jept  19.1934. 
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Tide  Ch apt -Sept  28, 19 3 A. 


Notes: 

Tide  Charh  refer  lo  San  Francisco  Say  Enrrcr-. 
(golden  Gate). 

Velocities  sitown  on  Tide  and  Float  Chcrrs 
are  In  feet  per  minute 

Periods  covered  by  float  travel  are  ridiccfsa  m 
Wind  Diagrams  and  Tide  Charts  Dy  heavy  ine. 
•    Indicates  point  of  release. 


CITY  AND  COUNTY  OF  SAN  FRANCISCO 

DEPARTMENT  OF  PUBI.IC  WORKS 
BOARD  OF  CONSULTING  SANITARV  ENGINEERS 


FLOAT  CHART 
SUGGESTED  BAKER'S  BEACH  OUTFALL 
FLOAT  RELEASE  -  1000  Ft.  OFFSHORE 


ED  .r/f^/I 
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A  10.985 


Float  Chart  -  3ept I},I9M. 
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Tide  Chart  -  Scpt  I),I9M. 
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Wind  Diagram 

Velocify  In  Miles  per  Hour 


10       9  0 


Notes: 

Tide  Chorh  refer  to  San  Froncijco  Say  f.vrar:e 
C  Golden  Gate). 

Velocities  sl>own  on  Tide  and  'loaf  Charis  ere 
in  feet  per  minute. 

fbriods  covered  by  float  tnsvel  are  micdec  an  Hina 
Diagrams  and  Tide  Clxirts  by  heavy  tine. 
•  Indicates  point  of  release. 


SCALE  IN  FEET 


CITY  AND  COUNTV  OF  SAN  FRANCISCO 

DEPARTMENT  OF  PUBUC  WORKS 
BOARD  OF  CONSULTING  SANITARY  ENGINEERS 


NNKOV 


FLOAT  CHART 
SUGGESTED  MILE  ROCK  OUTFALL 
FLOAT  RELEASE  •  1500  Ft.  OFFSHORE 


DNAWN  ■¥  f 
TKACCO  UlWO-tl 

CHCCKCO  mrff  s. 


NO.     or  aMcm 


A-10.M7 


V*  Ac/ 


Tide  Charh  refer  to  San  rwrcisco  Say  Mranee 
(Oolden  Gate.) 

Velocities  j/iown  on  Tide  ondFlaaf  Charts  are 
in  feet  per  minute. 

Periods  covered  by  float  travel  ore  indicated  on 
Wind  Diagrams  and  Tide  Charts  by  heavy  line. 
•    Indicates  point  of  release  ^ 
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CITY  AND  COUNTY  OF  SAN  FnANCISCO 

DEPARTMENT  OF  PUBUC  WORKS 
BOARD  OF  CONSULTING  SANITARY  CNGINCERS 

H.  P.  COOT,  CMmim.  C-  O.  HTOC.  ■  i- 

L.  a.  i(CTNOi.Da  c.  e.  kcnmcot 


FLOAT  CHART 
SUGGESTED  IILE  ROCK  OUTFALL 
FLOAT  RELEASE  -  1000  Ft  OFFSHORE. 
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Current  Direction  ond  Velocity 
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Current  Turns 


Seoword  Boyward 


Wind 
Direction 
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firj/  of 
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Wind  generally  off  shore  normal  h  flool  Irovel 


95C 


lCh9 


6  0 


5  6 


fHiddle  of 
High  Slock 


f^irslHiof 
IjOw  Slock 


N£,NW 


Aihworl  direction  of  flool  Irovel  lomrd  shorts  first  favoring  Irovel  later  hindering  travel 
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9-1^ 


3  6 


6  0 


4d 


IHiddle  of 
High  Slock 
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For  boyward  floats,  wind  in  general  direction  of  flool  travel 
for  seaward  floats,  wind  opposed  to  direction  of  float  travel 
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4d 


1.9 


Middle  of 
High  Slock 


SWotiout 


At  turn  of  current  Hoots  tend  to  go  northward  out  into  boy  ond  Qolden  Gate  Strait 


Z5C0 
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Middle  of 
High  Slock 


for  boyward  floats,  wind  in  general  directionof  flool  travel  fxir  seaward  floats,  wind  othwoH  ond  ogomsl  diredm  cf  feci  Iro/e 
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Wind  about  normal  offshore  for  seoword  t tools 
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For  boyward  floats  wind  athwaH  and  favoring  trovet     For  seaward  floats,  wind  othwort  ond  hindering  travel 
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First  of 
Low  Slack 


Vd  noble - 
5.[..SW5W 


For  seaward  floats  wind  athwart^  offshore  ond  favoring  travel 

For  boyward  floats  wind  behind  and  olhwort,  offshore  and  favoring  travel 
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24 
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Middle  of 
High  Slack 


£5SW 


For  boyword  floats  wind  against  direction  of  travel  For  seoword  floats  wind  offshore  norrnol  to  direction  of  travel 


9-26 
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A  of 

High  Shck 


tarioble-5E 
loNWm: 


For  bay  ward  floats  wind  variable,  first  offshore  ond  then  in  direction  of  trovet 
For  seaward  floats  wind  opposed  to  direction  of  travel  
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5.6 


Middle  of 
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Wind  generally  in  direction  of  boyward  travel  of  floats  ond  athwart  offshore  and  against  direction  of  travel 
of  seaward  floats 
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Wind  generally  against  direction  of  travel  of  seoword  ffoots  and  athwart  boyword  f toots  offshore  and  aiding  velcary 
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Z.  I 
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Winds  variable,  first  offshore  and  later  parol  lei  with  shore 
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Middle  of 
Flood 


NESW 


Wind  vorioble,  mosity  against  bayword  travel  and  in  direction  of  seoword  travel 
All  floats  close  to  shore  at  2fiOO' 
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500' 


9-21 
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5.6 


WS5W 


Wind  generally  in  direction  of  float  travel.  Three  floats  moved  seoword  after  travelling  boyward  and  with  no  opporem 
reason.  All  floats  boyward,  dose  to  shore  at  3^00'.   
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End  of  Ebb 
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Wind  in  general  toward  shore,  normal  to  seoword  floats  ond  tending  to  retard  boyward  floats-  All  oayward 
floats  close  to  shore  at  3200'  ond  I  seoword  Float  of  2,000'. 
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Middle  of 
Ebb 


S.W5tW 


Wind  normal  ond  offshore  to  seaward  floats  ond  in  direction  of  travel  of  boyword  floats.  Boyword  floors  aose 
to  shone  about  4,000'  or  less,  from  point  of  release.   
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2.9 


First  'A 
of  Ebb 


S.W 


Wind  offshore  normal  to  seaward  f tools  ond  in  direction  of  travel  of  bay  ward  floats.  Boyward  floats  close  s 
shore  about  5,200' from  point  of  release.   
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Ebb 


W.5.SW 


Wind  against  float  direction  seoword  ond  opproAimote  in  direction  of  float  travel  boyword  One  sea  v. 
all  boyword  floats  approached  closely  to  shore  about  3,200' from  point  of  release.  
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NSN.E 
Tomrd  Shore 


Three  f tools  close  to  shore  3,000' from  point  of  release 
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o 
a. 


1000' 
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Wind  ogoinst  float  direction  seaward  ond  in  direction  of  float  trovet  boyword. 
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First  of 
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Wind  in  direction  of  floats  seoword  and  ogoinst  ftoot  trove/  boyword 
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fvliddte  of 
Low  Stack 


NWtoN 
toward  Shore 


Current  closer  to  shore  at  end  of  ebb  and  beginning  of  ftood.    Two  ffoots  apparent ty  struck  Land  's  Enc 


LEGEND 


Boyward  Movement 
Seoword  Iviovement 


Notes     The  directions  shown  for  current  movements  ore  general 
tendencies 

The  velocities  shown  for  current  movements  are  averages 
In  some  individual  coses  considerable  voriotion  was  noted 

from  lire  assumed  directions  and  velocities 
Refer  to  Plates  /8-Z7  for  Ftoot  Charts 
«  End  of  Pier  37. 


CITV  AND  COUNTY  OF  SAN  FSANCISCC 

DEPARTMENT  OF  PUBLIC  WORKS 
BOARD  OF  CONSULTING  SANITARY  ENOINEtR* 

H.  f.  tOOT.  CMlHHM.  c   a   "'OC  •h-Ma.* 


SUMMARY  OF  FLOAT  MOVEMENTS 

AUGUST  -  OCTOBER  1934. 
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BOTTLE  FLOAT 


^ed  F^nnanf 


Ooge  3ieel  wire. 
X^6' Circular  Con. 


3  Oo/lon  can 


DEEP  SEA  OR 
SUB-  SURFACE  FLOAT 


3\1''  f^nnanfs 


rNo.  10  Golv.  Wire 


Oregon  pine. 

Float  co\/ered 
with  2  coals 
of  heavy 
block  paint. 


^/le" Sheet  lead  wrapped 
orTce  around  post  tsb 
overlap. 


LARGE  SURFACE  FLOAT 


Diagram  15 


CITY  AND  COUNTY  OF  SAN  FRANCISCO 
DEPT  OF  PUBLIC  WORKS  -  BOARD  OF  CONSULTING  SANITARY  ENGINEERS 


FLOATS  USED  FOR  CURRENT  STUDIES. 


DRAWN  BY  RW.J 
TRACED  VI  R W.J. 
CHECKED  WB.B. 
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FILE 
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ffECORD  OF  BOTTLE  FLOATS  RELEASCD  FROM  MILE  ROCK.  SArt£R'6  BEACH,  LYON  STREET  AND  PIER  NO.  37  AT  VARIOUS  DISTANCES  FROM  SHORE 

For  Locations  of  Releaae  and  Rich  Up  see  Table  3Z 
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9-»34 

700AM 

Beoch  ol  fbcheco  St 

171 

ISOPM 

II,  , 

269 

II5PM 

III  1 

10-234 

ZOOPM 

4 Miles  5o  RkrFbol 

36 

S-r34 

't-35AM 

Mile  JhcM  Qui  fa  11 

9-1-54 

2Q5PM 

Cfiino  Beocdi 

105 

* 

/000AM. 

H               /  II 

9-1S-34 

430PM 

Ocean  Beach 

172 

ZOOPM 

III  1 

Z70 

1:45PM. 

1,1  , 

3S 

106 

lOOOAM 

«        r  * 

S-lil-34 

330PM 

Nr  Mik  Rbck  Oulhll 

173 

Z30PM. 

lit  , 

3Z334 

730AM 

Alomedo  Beach 

Z7I 

328-34 

TOOA.M 

1,000' olf Bakers  Beach 

I0-Z34 

lOOPM 

Solodo  Beach 

45 

/07 

174 

3:00PM. 

It,  , 

ZTl 

T-30A.M 

,   ,  , 

9-2334 

120PM. 

)fsr6a  Boena  Island 

41 

108 

175 

„ 

330PM. 

1,1  , 

Z73 

&OOA.M. 

1    ,     ,  1 

IO-Z-34 

lOOPM. 

BerheJey  Beoch 

M/Je  Pock  Ou/fall 

92-34 

250PM 

Ocean  Beach 

/09 

9-/434 

/000AM 

Mile  OxJtOulfoll 

9-I5-34 

lOOOAM 

Beochol Noriega  SI 

176 

92234 

KIOOAM 

274 

830AM 

II  , 

10-1-34 

830AM 

Oakland  CkjHer  .Harti 

5FM 

9-2-34 

S^AM 

0/y/r7p/c  P/er 

HO 

177 

tO:30A.M 

1,500' df  Lyon  St. 

32534 

6:25A.M. 

Baker's  Beoch 

273 

//I 

3-/5-54 

/040AM 

500' Nol  Lyon  St. 

176 

1, 

IIOOAM. 

,    1      *  , 

3Z&34 

330A.M 

Fhint  Bonrlo 

276 

 — 

MileJ^xJ^  OuffoU 

92-34 

/045AM 

Lands  &?d  Beach 

/I2 

3-14-54 

//00A.M 

9-15-34 

I230PM. 

AquqIic  Pbrk  Pier 

179 

/l30Alif 

.HI, 

277 

920-34 

10:30AM 

 ,  

1,000  off  Bakers  Beach 

10-134 

300AM 

Ocean  Beach 

4S 

//3 

9-/554 

//Z6AM 

„    ...  • 

915-34 

I230FM 

200yds  air  Pier  IHo  39 

ISO 

l2Noon 

.   t    ,  • 

10-1-34 

1:00A.M 

FbinfSanF^ro&Mc, 

278 

.47 
46 

//4 

//40AM 

1    II  »    t  . 

9-IS-34 

7.30AM 

Nr  Bay  Bridge  Ma  £-8 

lai 

IZ30PM 

,11, 

Z79 

9-^-54 

//00AM 

lOOCi  afBo/ters  Beach 

9-7-54 

4 /0PM 

Loiver  Ocean  Beoch 

1/5 

IZhhon 

»        #     -7        .  # 

9-1734 

Z-OOPM. 

Near  PI  Diablo.  _ 

laz 

I'OORM. 

.    ,    •  II 

280 

^ 

//WAM 

97-34 

3-40PM 

Beoch  a/  5/oa/B/^d 

//6 

/ZZOPM. 

,       ,     ,        ,  , 

IS3 

I:30RM 

n      n  ,9 

924-34 

Z20PM. 

Baker's  Beoch 

261 

9-ZS-34 

lOOPM 
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* 
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SI 
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* 
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3WPM 
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186 
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'  '  '    '    '  * 
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ZZOPM 
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6WPM 
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55 
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CITY  AND  COUNTV  OF  SAN  FRANCISCO 

DEPARTMENT  OF  RUSUC  WORKS 
BOARD  OF  CONSULTING  SANITARY  CNCINEERS 

56 

/ZC5PM 

/Z3 

9-/6-54 

9O0AM 

1,000' N  of  Lyon  SI. 

190 

IZNoon 

.    ,    ,    .  , 

10-1-34 

KJ.'OQA.M. 

 - 

lugeJside-Oc  Beoch 

37 

/Z/5PM 

'  *  »    •    0  0 

99-34 

200PM 

Cas/ro  ff-P/c/7mond 

/24 

9-50AM. 

.      n  »      n  n 

191 

IZ30AM 

IO-2054 

310PM 

3onlorenzo  Beoch 

5e 

IZ25PM 

0     0     0        0         0  •! 

/23 

/000AM. 

9-20-34 

152PM. 

NorlhBdteri  Beoch 

192 

lOOPM. 

..... 

59 

'     '     '  *_  '_  1  

9-7-54 

//•OO/lM 



B&xh  a/  Slocn  B/vd 

/ZB 

J050AM 

193 

1:30PM 

,1,1, 

6C 

rt45fH 

9-854 

750AM 

'AMdeoff' Sou3oh/o 

/Z7 

* 

//00AM 

^20-34 

a30AM 

AhmedoMole 

194 

2:00PM. 

1    ,    ,    ,  1 

BOTTLE  FLOAT  TRAVEL 

€/ 

'W  '  '  \ 

//■50AM. 

/      .  /       .  / 

195 

Z:30PM. 

1    ,     ,    t  , 

62 

/55PM 

129 

iZNoiin 

92234 

10:00AM 

hotel  PI- aCerrifo 

196 

3O0PM 



65 

9-634 

922AM 

Raccoon  Sfroif 

/30 

IZXRM 

alt      t  1 

isn 

9-2534 

015AM 

1,000' off  Mile  Rock 

64 

5-7- 54 

9-634 

/230P/if 

Oo/r/ond  Mo/e 

151 

lOOPM 

196 

645A.M. 

10-3-34 

6:30A.kl 

3Miles5aKMBoy 

66 

34^54 

iOWAM 

m'f^i^tmSf  Beach 

9-/034 

/55PM 
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2O0 

745AM. 
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Ocean  Beoch 
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XI 
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92534 
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TRACCD  •t^WU 

CHCCNce  vtSA 

Ok.~ 

•  MCrr«  • 

LE6END 

•  •  Baker's  Btoch 
■  •  Pier  57 

A  ■  Lyon  5t. 

♦  ■  Mile  Rock 
Symbols  denote  stolion  from 
which  boHIc  f  loots  were  releosed 


NOTES 

Numbers  refer  lo  records  on  ToDle  9. 
■»  indicotes  Flood  Tide  at  time  of  release 
-  indicotes  Ebb  Tide  at  lime  of  release. 
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BEACH  DATA 
Beach,  US  Mililory Reserve,  public  use  restricted 

Beach  along  Great  Highway  used  for  bathing,  fishing  and  other  recreolionol  purfc-e:  w 
great  numbers  of  persons 

Several  small  beaches,  inaceessible  at  high  tide 

{""fj'  ^"'^^^'"^^■■SO'xSOO;  eosi/y  reached  by  several  trails,  in  process  of  d^velop<n.r,< 
by  the  Park  Commission  ' 

Numerous  sondy  coves,  inaccessible 

Dead  Man's  Cove,  30' x  ZOO',  not  easily  reached 

China  Beach.  20'x550;  to  be  developed  by 'he  Recreation  Comwiss/on  and -State  Fbrk 
Commission  for  swimming  and  fishing  A  clubhouse  is  to  be  consfruded 

Bakers  Beoch,  60' x  3.000',  ol  present  used  mainly  for  surf  fishing 

Beach.  30'x 500!  access  difficult 

Beach.  /5'x300!  access  difficult. 

Beoch.  eo'x  ZOOO;  opposite  Crissy  Field,  public  use  prohibited 
Beoch,  20' X 500',  opposite  Crissy  FieJd,  public  use  prohibited 
Beoch,  ZO'x  350'  fZOO' in  Pnssidio,  public  use  prohibited) 

Marino  Yacht  Harbor,  contains  breakwater  clubhouse  and  beach,  ZC/x  I50'  The  .narxr 
shelters  pleasure  boots  exclusively 

Aquatic  Park;  circular  concrete  pleasure  pier,  beach  60'x  600',  bool  house  end  small 
pleasure  croft  Proposed  development  t)' Pbrk  Commission  includes  beoch,  I50'x  .'8C0' 
bathhouse,  Spanish  type  clubhouses  and  water  sports  for  school  children. 

Beoch,  50'x  IZOO',  not  readily  accessible 

Gilman  Ployground;  to  be  developed  as  on  athletic  field  and  for  other 
recrecrti  'onol  uses 


.HUNTERS  POINT 


LEGEND 
\5.0\  Denotes  outfall  discharging  sewage  and 
the  estimated  overage  dailY  volume  (1934) 
in  millions  of  gallons. 
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RECREATIONAL  BEACHES. 
SEWAGE  QUANTITIES  AND  LOCATION 
OF  SEWAGE  AND  STORM  SEV\AGE 
DISCHARGES. 
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Diagram  16 

POPULATION  OF  SAN  FRANCI5C0  -  CALIFORNIA 
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Note-  The  curve  of  forecoslcd  populalion.  1900  to  I960,  is  bosed  upon 
figures  presented  in  a  Report  Upon  A^SYstem  of  Sewerage  For  The 
City  And  Couniy  of  Son  Froncisco,"  W  CE-Qrunsky,  1899,  page  Zl . 
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MAP  SHOWING 
EXISTING  SOUTHWEST  SEWERAGE  DISTRICT. 
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FLOW  DATA 

Legend 

Day 

Totol 

Win  Rale 

Mox  Rote 

WQ 

MQ.D, 

C.FS 

MQ.D 

C.F5. 

Monday 

5.4 

Z.I 

3.Z 

7S 

IZ.Z 

Tuesday 

34 

22 

3.4 

d.4 

15.0 

Wednesday 

3.4 

23 

5.6 

8.4 

0.0 

Thursday 

5.4 

23 

3.6 

8.1 

IZ.6 

Friday 

5.4 

23 

3.5 

7.9 

I2.Z 

•Saturday 

33 

Z3 

3.5 

3.1 

123 

Sunday 

3.0 

.20' 

3./ 

7.9 

IZ.Z 

Average 

3.5 

2.Z 

3.4 

8.1 

123 

Noles    Flow5  determined  by  weir  (recording  goqe)  locoled  in 
manhole  d  Pierce  and  AUxmbra  5ts. 
Areo  tribulofY  to  weir  60^1  of  dislrici,  100%  ossumed 
d  some  overage  rate. 
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H.  P.  BDOY.  CbaJ^MM.  C.  ft.  MTOC.  til  Ki  J- 
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Flow  Measurements 

MARINA  SUB- DISTRICT. 
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FLOW  DATA 

Legend 

Date 

Tolal 

Mm.  Rde 

Max.  Role 

V1.Q, 

M.Q.D 

CPS. 

M,&D. 

CPS. 

Oct.  3  H 1932 

4.4 

.5 

/.4 

6.4 

/3.Z 

53 

J.4 

Z.I 

8.6 

13.5 

Dec6n/934 

55 

35 

53 

7.9 

I2.Z 

Note  Flows  for  Oct.  S'^^and  4'^,  1952  ond  June  29*and  30'-^  1933  determtml  ot  manhole  on 
Seocliff  Ave  between  Twenty-f^'fth  Ave.ond  Twenty- Sixlti  Ave.  by  measuring  depth  of 
flow  ond  computing  quantities  from  hydraulic  properties. 
Flows  for  Dec.es'ondl*  1934  determined  by  measuring  depth  of  flow  at  tributory  trunk 
lines.  Addition  made  for  flow  in  lower  area  not  tributory  lo  Twenty-Fourth  Ave. and 
Lake  a. 
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H.  P.  CDDY,  Chslrtnaa.  C.  G.  HTDC. 

L.  B.  REVNOtUB  C.  C.  KKHNCDV 


Flow  Mi£asureme:nts 

BAKER  S  BE:ACH  SUB- DISTRICT. 
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FLOW  DATA 

Legend 

Day 

Total 

Min  Rote 

McK. Rote 

M.Q, 

M.Q.D. 

C.F5. 

M-Q,D 

C.F5. 

Monday 

3.5 

/.2 

/.6 

6/ 

9.5 

Tuesday 

3.4 

/.6 

z$ 

5.4 

d.4 

Wednesday 

3.4 

J.Z 

1.9 

6.0 

9.1 

Thursday 

31 

Z.3 

33 

6.7 

10.4 

Friday 

39 

Z.6 

4.0 

6.1 

9.5 

•Saturday 

3.7 

J.3 

2.0 

3.7 

dd 

Sunday 

3.5 

J.Z 

/.<? 

36 

8.6 

Average 

3.6 

1.6 

2.5 

6.0 

9.Z 

Notes  Flows  deternnined  by  weir  (recording  goge)  locotcd  in 
manhole  opproximotlY  100'  north  of  Lincoln  Way  and 
48*  Ave. 

Areo  tribu+ory  to  weir  901  of  district,  100%  Qs°iumed  ot 
some  overage  rote. 
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Flow  Measurements 

SUNSET  SUB- DISTRICT. 
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•  II  B.o-4;06PM. 


•  t  Bo- J  41PM 


•  I  100  Be  54SRM 


•  15BC-525PV 

nooosi-szaPM 

 <<.3-Z1PVl  - 


1  1 

1  11 

QropUc  Sca'i« 


A  M 


P  M 


-Notas- 

With  dilulions  used  no  counl  over  11.000  B.c 

per  c.c.  VMQS  possible. 
All  somples  token  at  surfoce- 
"A"  indicoks  poini  at  which  dye  (Woter  Red  M  0) 

W05  dropped  in  woler  from  boot. 
Conlours  indicoie  depths  below  meon  lower  low 

tide, (nil  bebwCilY Datum.) 
B.C.  denotes  B.coli  per  c.c. 
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TABLE  19. 

SUSPENDED  SOLIDS  P.  P.M. 


MONDAY  AUG.  27. 

THURSDAY  AUG.  30. 

HOUR 
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FIXED 
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TOTAL 

FIXED 
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TABLE  20. 

SETTLEABLE  SOLIDS 
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THURSDAY  AUG.  30. 
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WEIGHT       P.  P.M. 
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APPENDIX  I 


aEOLOGIOAL  SURVEY 
of  the 
AREA  OF  THE  PROPOSED  TUIIITEL 
FROM  BAKER'S  BEACH    TO    LANDS  EI^D 
and 

FROM  A  SHORE  POINT  SOUTH  OF  MILE  ROCK  TO  LANDS  END 


GEOLOGICAL  SURVEY  OF  THE  AREA  OF  THE  PROPOSED  TUNNELS 
FROM  BAKER'S  BEACH  TO  LANDS  END  AND  FROM 
A  SHORE  POINT  SOUTH  OF  MILE  ROCK  TO  LANDS  END 


The  present  discussion  has  to  do  with  the  area,  along 
the  south  shore  of  the  entrance  to  San  Francisco  Bay,  from  a 
point  due  south  of  Mile  Rock  Lighthouse  to  the  Sea  Cliff 
subdivis  ion. 

The  study  of  this  area  has  been  made  to  determine  the 
feasibility  of  locating  a  sewerage  settling  and  digestion  plant 
in  the  cove  near  Lands  End,  and,  to  determine  the  feasibility 
of  driving  tunnels,  for  the  delivery  of  sev/age,  through  the  hills 
from  Sea  Cliff  and  from  the  outfall  of  the  Itgth  Avenue  sewer, 
to  connect  with  such  a  plant. 

The  present  system  of  disposal  by  which  open  sewers  dis- 
charge into  the  Bay  along  its  shore  line,  has  been  found  un- 
satisfactory because  of  the  refuse  which  collects  on  the  beaches. 

The  peninsula  of  San  Francisco  rises  Y/ithin  this  area,  to 
an  eleyation  with  a  maximum  of  not  over  four  hundred  feet 
above  sea  level. 

The  surface  of  this  rise,  in  keeping  with  the  general 
westerly,  coastal  slope  of  the  peninsula  is  covered  with  a  heavy 
overburden  of  sand  and  soil. 

This  covering  obscures  the  underlying  formations  except 
as  these  are  exposed  by  excavation  or  by  natural  erosion. 

The  shore  line,  from  Mile  Rock  to  Sea  Cliff,  with  the 
exception  of  two  short  intervals,  is  marked  by  a  narrow  tidal 
beach. 

The  rise  from  this  beach  is  abrupt.     The  lower  reaches 
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being  cliffs  of  irregular  height  which  at  elevation  of  from  a 
few  feet  to  one  hundred  feet  above  sea  level,  round  off  to  steep 
slopes  which  continue  upward  until  the  final  modification  in  slope 
occurs  at  the  hill  top. 

A  fairly  complete  section  of  the  rock  formations  immediately- 
underlying  the  area,  is  exposed  in  the  cliffs  and  steep  hillsides 
of  this  slope, 

I  have  studied  the  exposed  rocks,  and    at  points  distant 
from  the  shore  line  have  obtained  additional  data  on  the  forma- 
tions from  the  records  of  drill  holes,  wells,  building  excavations, 
street  grading  cuts,  and  railroad  rights-of-way. 

The  United  States  Geological  Survey  in  I915,  published  the 
San  Francisco  Folio  (Folio  193),  of  "the  Geologic  Atlas  of  the 
United  States. 

This  Folio  deals  with  the  area  we  are  discussing  and  describes 
the  rocks  exposed  here  as  sediments  of  the  Franciscan  group, 
together  with  certain  associated  volcanic  rocks.      It  places  the 
horizon  of  the  exposed  sediments  so  that  there  are  included  some 
of  the  upper  members  of  the  Marin  Sandstone  formation  and  some  of 
the  lower  members  of  the  overlying  Ingleside  Chert  formations. 

I  have,   in  writing  this  statement,  adhered  to  the  names  of 

formations  as  used  in  this  Folio.     I  would  refer  anyone  to  this 

Folio  for  a  more  general  geologic  study  of  the  Bay  Region, 

STATMEtTT  OF  GEOLOGIC  CONDITIONS  PSRTIIJETT  TO  THE  PRESSITT  STUDY 

The  prevailing  rock  of  the  Marin  Sandstone  formation 
"is  a  massive,  obscurely  bedded  sandstone  of  dark  greenish- 
gray  color  and  medium  texture. 
"Although  these  sandstones  are  prevailingly  massive,  signi- 
ficant glimpses  of  their  bedding,  obtained  at  many  places 
show  that  they  are  normally  stratified.     The  bedding  in 
these  places  is  usually  made  apparent  by  intercalated  beds 
of  shale  rather  than  by  any  notable  difference. from  horizon 
to  horizon  in  the  character  of  the  sandstones  themselves." 
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There  is,  exposed  in  this  area  near  Lands  End,  one  horizon 
in  the  Marin  Sandstone  formation  v/hich  must  be  carefully  consid- 
ered in  a  study  of  the  proposed  plant  site.     This  horizon,  which 
is  here  found  immediately  underlying  the  Ingleside  Chert,  is 
not  the  massive  sandstone  characteristic  of  the  formation,  but 
consists  of  approximately  a  seventy-five  foot  thickness  of  inter- 
bedded  strata-   of  sandstone  and  shale.     (Note — measurement 
obtained  where  Oamino  del  Mar  crosses  formation  in  Lincoln  Park). 
The  shale  is  blue  black  in  color  and  when  wet  works  up  into  a 
slippery  mud  which  runs  easily.     It  is  this  characteristic  of 
the  shale  which  has  made  the  strata  •  of  this  material  become 
mud  slippage  planes  along  which  whole  sections  of  the  overlying 
hill  have  moved  whenever  the  moisture  conditions,  the  fracturing 
of  the  formations,  and  the  undermining  action  of  the  waves  have 
jointly  brought  about  the  proper  conditions. 

The  fracturing,  v/hich  has  weakened  the  formations  and  thus 
helped  to  make  feasible  the  slides,  has  resulted  from  the  read- 
justment attendant  on  the  intrusion,  into  the  Franciscan  sediments, 
of  igneous  rock  masses  and  from  later  faulting. 

The  igneous  rocks  are  at  present  represented  by  bodies  of 
serpentine.      Two  outcrops  of  this  material  can  be  traced  in  the 
immediate  vicinity  of  Lands  End,      The  first,  which  outlines  the 
western  limit  of  the  flat  proposed  for  the  plant  site,  extends 
from  the  beach  line,  up  the  hillside  through  the  site  of  the  Lands 
End  Station  to  a  point  above,  where  it  is  lost  under  slide  material. 

The  second  outcrop  is  found  at  the  beach  line  900  feet  to  the 
east  of  the  one  just  discussed.     It  continues  up  the  hill,  with 
several  offsets  along  lines  of  faulting,  showing  near  the  west 
portal  of  the  former  #2  tunnel  of  the  United  Railroads  right-of-way. 
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It  can  be  traced  further  to  the  Third  Tee  of  the  Lincoln  Park 
Golf  Course  and  is  plainly  visible  above' the  Oamino  del  Mar  in 
Lincoln  Park. 

I  am  preparing  a  map  showing  these  outcrops  together  with 
the  general  conditions  existing  in  the  area  of  the  proposed  devel- 
opment. 

The  hillside  area,  within  which  the  serpentine  outcrops  occur, 
is  a  moving  mass  of  slide  material  which  for  years  has  been  slowly 
shifting  down  to  the  shore  line.     There  are  several  reports  in 
the  files  of  the  City  Engineer's  office  which  bear  on  the  history 
of  these  slides. 

The  position  in  the  slide,  of  rock  fragments,  derived  from 
the  several  characteristic  formations,  is  a  somewhat  hazy  suggest- 
ion of  the  position  of  these  formations  before  the  slides  took 
place. 

A  study  of  the  surface  exposures  of  rock  formations  in  place 
in  this  vicinity,  together  with  the  evidence  of  test  boring, 
building  excavations,  grading  cuts,  and  the  modified  evidence  of 
the  slides,  makes  it  certain  that  the  cliffs  and  steep  side  hills 
along  the  shore  line  expose  the  eroded  edges  of  the  sediments; 
that  the  general  strike  of  these  edges  is  easterly  and  westerly, 
and  that  there  is  a  slight  (from  five  to  fifteen  degrees  from  the 
horizontal)  general  inclination  of  the  sedimentary  strata  to  the 
south. 

There  has  been  a  local  distortion  or  folding  of  the  strata, 
which  has  modified  the  strike  and  dip  in  accordance  with  the 
anticlinal  or  synclinal  nature  of  the  fold. 

The  folds  extend  in  a  direction  such,  that  the  axis  of  folding 
has  a  general  southeasterly  strike.     I  have  recorded  strikes  vary- 
ing from  S.30°E,  to  S.^g°E. 
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The  characteristic  massive  sandstone  of  the  Marin  formation 
has  not  yielded  readily  to  distortion,  and  the  folding,  in  this 
material,  has  been  accomplished  by  block  faulting  in  which  the 
displacement  of  the  blocks  has  outlined  the  direction  of  the  fold. 

The  overlying  thin-bedded  formations  with  inter-stratified 
layers  of  shale,  have  yielded  more  readily  to  distortion  and 
have  followed  closely  the  lines  of  folding  without  any  great  amount 
of  faulting.     It  is  true  that  the  strata*   of  resistant  material 
have  been  shattered,  but  these  have  been  held  in  place  by  the  more 
elastic  layers  of  shale  and  the  deformation  has  been  accomplished 
with  but  slight  movement  between  the  individual  fragments, 

I  am  preparing  a  drawing  to  illustrate  the  block  faulting  in 
the  sandstone  and  the  deformation  of  the  overlying  formations. 
This  d'rawing  is  a  vertical  section  in  an  Sast  West  line  as  indicat- 
ed on  the  accompanying  map. 

This  section  shows  how  the  formations  have  been  elevated  and 
depressed  during  the  process  of  deformation,  and  the  effects  of 
these  movements  on  the  coast  line;  where  the  massive  sandstone 
stands  high  above  the  beach  line,  we  find  cliffs  and  steep  bluffs; 
where  the  heavy  shale  strata    have  been  depressed  to  sea  level  or 
below  this  point,  we  find  a  slide  area  extending  back  from  the 
shore  line. 

It  must  be  borne  in  mind,  that  there  is  a  general  inclination 
of  the  formations  to  the  south,  and  that  vi^here  the  heavy  shale 
strata    are  found,  at,  or  near,  the  elevation  of  the  shore  line, 
it  is  reasonable  to  expect  to  find  the  water  soaked  shale,  in 
the  form  of  mud,  extending  back  for  a  considerable  distance  under 
the  slide  area. 


A  careful  study,  including  considerable  test  drilling,  will 
be  necessary  to  determine  the  existence  of  building  foundations 
under  this  area,  and  also  to  make  sure  that  it  can  be  drained  so 
that  the  present  slide  material  will  remain  in  place. 

Special  problems  are  involved  in  the  question  of  draining 
this  area.     There  is  the  question  of  the  natural  precipitation 
over  the  area;  there  is  the  question  of  the  surface  drainage  and 
the  seepage  from  an  overburden  of  sand  in  the  surrounding  areas 
tributary  to  these  slides;  there  is  the  question  of  an  underground 
flow  of  water  in  the  Chert  formation  ?;hich  is  exposed  in  the  ex- 
cavations for  the  Legion  of  Honor  Memorial  Building  and  at  the 
Veterans'  Memorial  Hospital  Building  in  Fort  Miley;  there  is  the 
possibility  that  the  shale  extends  below  the  elevation  of  tide 
level  and  that  seepage  of  ocean  water  may  occur. 

The  Cliff  House  controlled  a  slide,  affecting  their  resort, 
by  driving  a  drainage  tunnel  along  a  fault  slippage  plane  and 
draining  this.    They  drilled  holes  from  the  surface  to  this  tunnel 
at  intervals,  lined  the  holes  with  perforated  casing  to  hard  rock, 
and  passed  the  surface  run-off  and  sand  seepage  down  these  drains 
to  the  tunnel. 

Mr.  Geo,  McLeod,  Superintendent  for  Mr.  G.  A.  Applegarth 
in  the  construction  of  the  Legion  of  Honor  Memorial  Building, 
states  that  a  tv/o  inch  centrifugal  pum.p,  ¥;orking  to  capacity,  was 
needed  to  keep  the  theater  excavation  under  that  building  free 
from  water  which  ran  in  from  the  Chert  strata  .     Permanent  tile 
drains  had  to  be  run  through  tunnels  from  this  building. 

The  Maintenance  Officer  in  charge -at  the  Veterans'  Memorial 
Hospital  at  Fort  Miley  states  that  one  floor  of  the  main  building 
is  excavated  in  the  Chert  and  that  they  had  to  establish  drains 
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to  get  rid  of  the  water; 

These  statements  indicate  that  the  Chert  strata  outlining 
the  rim  of  the  slide  areas,  are  the  source  of  a  flow  of  water 
which  passes  down  into  the  slide  and  which  must  be  controlled  if 
slippage  is  to  be  stopped. 

A  certain  amount  of  water  is  added  to  the  slide  area  through 
an  existent,  septic  tank;  sewage  disposal  plant  nov;  situated 
within  the  area.     I  have  indicated  the  position  of  the  plant  on 
ray  map,  but  presume  that  it  will  be  done  away  with  if  the  proposed 
improvement  is  carried  through. 

I  have  indicated  four  areas  on  my  map  with  the  letters, 
A.  B.  C.  D.  ,  within  Vifhich  slides  are  existent. 

The  proposed  plant  site  is  within  the  area  0.      The  proposed 
tunnels  from  Sea  Cliff  and  from  the  outfall  of  the  kSth  Avenue 
Sewerage  tunnel  to  this  Site,  virould  pass  through  the  areas 
A.  B.  C.  and  D. 

These  slide  areas,  in  their  present  condition,  are  not  suit- 
able either  for  the  erection  and  maintenance  of  the  proposed  plant, 
or  for  the  construction  and  maintenance  of  the  proposed  tunnels, 
and  I  am  not  sure  that  movement  of  slide  material  within  these 
areas,  can  be  stopped  without  the  expenditure  of  a  great  deal  of 
money,^ 

It  is  possible  to  avoid  the  areas  of  apparent  surface 
slippage  in  the  areas  A  and  B  by  maintaining  a  tunnel  line  similar 
to  the  line  of  the  northern  boundary  of  the  land  included  in 
Lincoln  Park  and  deeded  to  the  City  by  the  Sutro  Estate,  This 
line  continues  westerly  to  the  site  of  the  proposed  plant.  I 
consider  that  with  a  stabilization  of  the  areas  A  and  B  by  proper 
drainage,  such  a  tunnel  line  is  suitable  for  the  proposed  tunnel 
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up  to  the  point  where  it  enters  the  area  C. 

The  area  0  must  be  carefully  drilled  and  studied  before  a 
decision  can  be  reached  as  to  the  possibility  of  erecting  a  plant 
in  this  area.     If  a  safe  plant  site  is  finally  determined,  its 
location  will  fix  the  alignment  of  the  connecting  tunnel  link. 
The  area  to  be  drilled  is  from  30  to  50  feet  above  sea  level  and 
as  soft  mud  is  oozing  out  at  the  shore  line,  any  test  hole  must 
be  carried  to  some  distance  below  sea  level.     I  consider  that 
at  least  forty  holes  should  be  drilled  in  the  area  of  the  proposed 
plant  site,   (3OO  feet  by  5OO  feet),  which  would  allow  four  rows 
(10  holes  spaced  50  feet  apart),  of  holes  at  intervals  of  100 
feet.     The  hundred  foot  spacing  should  be  North  and  South,  The 
fifty  foot  spacing  East  and  West. 

Any  tunnel  from,  the  outfall  of  the  ^gth  Avenue  sewer  to  the 
site  of  the  proposed  plant  will  enter  the  cliff  Line  near  the 
slide  area  D,      This  slide  is  associated  with  a  series  of  steeply 
tilted,  thin-bedded  strata    which  rise  from  below  the  shore  level 
and  form  a  part  of  the  cliff  face  at  this  point.     The  general 
strike  of  the  up-tilted  strata,    is  southeast  and  the  dip  is  to 
the  east.      The  tunnel  should  enter  the  cliff  west  of  the  area  D 
and  attain  a  distance  in  the  cliff  at  least  200  feet  south  of 
the  line  of  the  path  I  have  shown  along  the  cliff  line,  before 
turning  in  the  direction  of  the  site  chosen  for  the  plant. 

A  tunnel  with  such  an  alignment  would  have  the  advantage 
of  approaching  the  plant  site  along  a  line  about  at  right  angles 
to  the  line  of  the  mass  of  serpentine  which  rims  the  plant  site 
along  its  western  edge. 
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The  alignment  suggested  would  call  for  some  520O  feet  of 
tunnel  from  the  east  line  of  Lincoln  Park  to  the  outfall  of  the 
k&th  Avenue  sewer  tunnel.     The  greater  part  of  this  distance 
would  be  through  the  sediments  of  the  Franciscan  Series,  Two 
serpentine  belts  will  have  to  be  cut  through,  and,  depending  upon 
the  grade  chosen  for  the  tunnel,  it  is  possible  that  crossing 
through  the  serpentine  will  be  necessitated  a  third  time.  The 
three  serpentine  areas  should  be  cut  in  about  6OO  feet  of  tunnel. 

I  have  made  considerable  inquiry  concerning  the  rock  con- 
ditions of  the  ocean  floor  in  the  vicinity  of  Mile  Rock  because 
of  your  desire  to  consider  a  possible  outlet  tunnel  into  this 
area. 

The  following  letter  received  from  the  Bureau  of  Lighthouses, 
Washington,  D.C.,  expresses  the  information  so  far  available. 


"DEPARTMENT  OF  COMMERCE 
BUREAU  OF  LIGHTHOUSES 
^TASHIUGTOU 

November  12,  I934. 

"Mr,  Thomas  V.  Reeves, 

1200  Crocker  First  National  Bank  Building, 
San  Francisco,  California. 

Dear  Sir: 

"Reference  is  made  to  your  letter  of  November  3,  193^» 
requesting  certain  information  in  regard  to  rock  formation  at 
the  site  of  Mile  Rock  Lighthouse  in  San  Francisco  Harbor, 

"A  search  of  the  available  records  at  the  Bureau  fails 
to  reveal  any  information  in  regard  to  the  nature  of  the  rock 
except  a  meagre  item  contained  in  a  clipping  from  the  San  Fran- 
cisco Call  for  the  year  I905  describing  the  construction  v/hich^ 
states   »A  wall  ten  feet  in  diameter  was  driven  through  the  rock 
down  to  high  water  level,  with  a  pump  room  at  the  bottom.  No 
dynamite  could  be  used  owing  to  the  softness  of  the  rock. • 
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"As  this  construction  was  carried  on  loy  contract,   it  is 
believed  whatever  records  of  rock  formations,  if  such  exist, 
would  be  found  in  the  offices  of  the  contractor  whose  name  was 
McMahon  according  to  the  article  quoted,  or  at  the  office  of 
the  Supt,  of  Lighthouses,  San  Francisco,  Oal. 

"This  contract  was  under  the  direct  supervision  of  the 
ISth  Lighthouse  District  which  office  is  now  located  in  the 
Custom  House,  San  Francisco,     Your  letter  will  be  referred  to 
that  office  for  any  further  information  which  they  may  be  able 
to  supply  you  directly. 

Very  truly  yours. 

For  the  Commissioner: 

(Signed)        C,  A.  Park 
GBS:ORM  Chief  Engineer." 

The  records  of  the  Corps  Engineers  •  office,  9'th  Corps  Area, 
were  destroyed  in  the  Flood  Building  in  the  fire  of  I906.  The 
records  of  the  Superintendent  of  Lighthouses  in  San  Francisco, 
were  destroyed  in  the  same  fire, 

Mr,  Jenkins  from  the  office  of  the  Superintendent  of  Light- 
houses, Mr,  L,  S.  Griswold,  ^th  Corps  Area,  Presidio  and  Capt,  H. 
Pond,  Engineers'  Office,  Customs  House,  state  that  there  are  no 
records  available,  but  that  the  concensus  of  opinion  is  that 
the  rock  on  which  the  Mile  Rock  Light  is  built,  is  similar  to 
the  sandstone  of  the  cliffs  near  Lands  End, 

In  the  absence  of  definite  data  as  to  the  position  of  the 
outlet  or  the  conditions  of  the  ocean  floor  along  the  site  chosen, 
it  is  impossible  to  make  a  definite  statement  on  this  subject, 
I  consider  that  with  proper  drilling  along  the  shore  line,  to 
determine  an  area  of  massive  sandstone,  that  a  tunnel  could  be 
carried  at  a  proper  depth  for  a  considerable  distance,  from  the 
shore  line  in  a  general  northwesterly  direction. 
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A  careful  study  of  the  charts  and  other  available  data 
as  to  depths  of  water,  reef  conditions,  etc.,  must  be  made  to 
decide  the  feasibility  of  any  particular  site  for  this  outlet, 
and  also  to  arrive  at  the  elevation  belOYir  surface  at  which  it 
would  be  safe  to  carry  on  this  work, 
OONOLUSIONS; 

I  consider  the  site  at  Lands  End,  in  view  of  the  data 
now  obtainable,  as  unsuited  for  the  proposed  plant  and  tunnels 
and  recommend  that  further  consideration  of  this  site  be  dropped, 
unless  definite  proof  of  its  fitness  is  submitted. 

Respectfully  submitted, 
(Signed)          Thos,  V,  Reeves 
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